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SERIES OF TEXT-BOOKS. 



DEMONSTRATIONS OF ANATOMY ; BEING A GUIDE TO 

THE DISSECTION OF THE HUMAN BODY. By Grorob Vinek Ellw, 
one of the Demonstrators of Anatomy in University College. 1 toI. crown 8to. 
750 pages. I2s. 

** We think Mr. Ellis's ' Demonstrations ' are in every way fitted for the purpoM for 
which they are intended, and we therefore strongly rooommend the work to the 
notice of every member of the profession. We are convinced that it will quickly 
become the general text-book of every working student in anatomy.**— l}rfCi«A and 
Foreign Medical Review, January 1841. 

ELEMENTS OF ANATOMY. FOR THE USE OF STU- 

DENTS. By Jomrs Quain, M.D., Member of the Senate of the University of 
London. Fourth Eldition, revised and enlarged. Illustrated with 140 Engraviogs on 
Wood, and Four Steel Plates. One thick vol. 8vo. 1/. 2«. 

" This work may be, in short, recommended for giving a very Just view of the present 
state of anatomical knowledge, and putting the English student in possession of the 
most important points of information contained in the best Ck)ntlnental Treatises. 
It constitutes, further, a very valuable and useful guide to the dissecting-room, by 
the number of specimens which it contains of the descriptive anatomy of the parts 
as they are brought into view." — Edinburgh Med. and Surg. Journal, Jan. 1, 183ft. 

ELEMENTS OF PHYSIOLOGY. BY J. MULLER, M.l)., 

Professor of Anatomy and Physiology in the University of Berlin. Translated from 
the German, with Notes, by William Baly, M.D., Graduate in Medicine of the 
University of Berlin. Illustrated with Steel Plates and very numerous Wooa 
Engravings. 2 vols. 8vo. Vol. I., 900 pages. Second Edition, I/. 
Volume II. will be published in the course of October. 
" We do, however, recommend it very strongly, and we have no hesitation in saying 
that it will supersede all other works as a Text Book for Lectures, and one of refer- 
ence for students. It steers a middle course between the superficial brevity of many 
of our modem works, and the pleonastic and metapbysieal Jargon of Burdaoh."—- 
Med. Chir. Review, April 1838. 

ELEMENTS OF CHEMISTRY. INCLUDING THE ACTUAL 

STATE AND PREVALENT DOCTRINES OP THE SCIENCE. By the 
late Edward Turner, M.D. Seventh Edition. Edited by Justus Liebio, M.D., 
Professor of Chemistry in the University of Giessen, and William Gregory, M.D., 
Professor of Chemistry in King's CoUege, Aberdeen. One thick volume 8vo, in- 
eluding the Oily ^cids, II. bs, 

** To the student in chemistry it is decidedly the best adapted of any manual in the 
English language. It is indeed a condensed epitome of the science. This is one of 
the greatest recommendations to those who wish to possess a work giving, in detail 
and consecutive connexion, the facts and doctrines of the science. Such is the 
work before us."— T^« Chemist, Jan. 1841. 
*^* A Second Supplement, completing the work, is expected very shortly. 

Lately published. 
THE OILY ACIDS, forming the First Supplement to the Seventh Edition. 8vo. At. 
• Part 3, No. 3 of the Sixth Edition, containing the same subjects: 45. 
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ELEMENTS OF OBSTETRIC MEDICINE, WITH THE DE- 
SCRIPTION AND TREATMENT OF SOME OF THE PRINCIPAL DIS- 
EASES OF CHILDREN. By David D. Davis, M.D., M.R.S.L., Professor of 
Obstetric Medicine in University College, and one of the Physicians to University 
College Hospital. Second Edition. 1 vol. 8vo, 1000 pages, illustrated by Engrav- 
ings on Wood. 1/. I*. 

" Having, during a long series of years, acctimulated a mass of important facts, Dr. 
Davis is entitled to the thanks of established practitioners, and to the gratitude of 
all the junior members of the Profession, for thus presenting to them, in an agreeable 
form, the results of an experience which it can be the lot of few, even eminent 
physicians, to enjoy."— i\ro<ic« of the First Edition.^Lancety Sept. 22, 1832. 

SURGICAL ANATOMY OF THE PRINCIPAL REGIONS 

OF THE HUMAN BODY. By Thomas Morton, Assistant-Surgeon to Univer- 
sity College Hospital, and one of the Demonstrators of Anatomy in University 
College. Complete in one vol. 8vo. (Just ready.) 

I. Perineum. With 4 Plates and 3 Wood Engravings. 78, 6d, col. ; 6s. plain. 

" We most cordially recommend Mr. Morton's treatise, as a satisfactory guide to the 
dissection of the perineum and pelvis. "—Br/i. and For. Med. JB«v., July 1839, p. 244. 

II. Groin, Femoral and Popliteal Regions. 8 Plates and 11 Wood Engravings. 
135. coloured ; 9^. plain. 

** The volume does Mr. Morton great credit. Wo cordially wish his hook every suc- 
cesB.'*— Medical Gazette, Aug. 10, 1839, p. 72a 

IN. Inguinal Hrrnls, Testis and Coverings. 5 Plates and 1] Wood Engravings. 
12^. coloured ; 98. plain. 

" The present work is a worthy successor to those (on the Groin and Perineum), and 
will prove, we do not doubt« as great a favourite with Btudenia."—MedicO'Chir. 
Review, April 1841. 

lY. IIkad and Neck, Axilla and Bend of Elbow. (Just ready.) 

ELEMENTS OF BOTANY, STRUCTURAL, PHYSIOLOGI- 
CAL, SYSTEMATICAL, AND MEDICAL; being a Fourth Edition of the 
Outline of the First Principles of Botany. By John Lindley, Ph.D., F.R.S., 
Professor of Botany in University College, London. Illustrated by many Hundred 
Figures on Wood. 8vo. 10s. 6d, 

" The skill of the wood-engraver has enabled the author to fill his pages with Illustra- 
tions, explanatory not only of the technical terms employed in Botany, but alsQ of 
the natural orders of Plants ; an analysis of the latter upon the plan of Lamarck ; 
an account of De CandoUe's celebrated system of arrangement, into which a large 
number of Woodcuts are introduced, and some new views relating to natural classi- 
fication are added to the matter to be found in previous editions : besides which, 
the whole of the Structural and Physiological part has been corrected with great 
care, and made to include all the most important views of modem physiologists, so 
as to present the reader with a view of the state of Botanical knowledge in these 
departments, in the spring of 1841."— Pr^ace. 

ORGANIC CHEMISTRY IN ITS APPLICATION TO AGRI- 
CULTURE AND PHYSIOLOGY. By Justus Liebig, M.D., Ph.D., Professor 
of Chemistry in the University of Giessen. Edited from the Manuscript of the 
Author, by Lyon Playfair, Ph.D. A new and cheaper Edition, in small Svo. 
(Just ready.) 

" Everything was simply and clearly explained ; it was the first attempt to apply the 
newly-created science of Organic Chemistry to Agriculture ; in his opinion, from 
this day might be dated a new era in that art, from the principles established with 
such profound sagacity by Professor Liebig. He was also of opinion that the British 
Association had just reason to be proud of such a work, as originating in their re- 
commendation." — Dr. Gregory— British Association, Glasgow. 
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ANATOMY AND OPERATIVE SURGERY OP THE ARTERIES. 



In course of puhlieatton^ 

THE ANATOMY OF THE ARTERIES, 

WITH 

ITS APPLICATIONS TO PATHOLOGY AND OPERATIVE SURGERY. 

IN 

LITHOGRAPHIC DRAWINGS, THE SIZE OF AND DRAWN FROM NATURE, WITH PRACTICAL 

COMMENTARIES. 

BY RICHARD QUAIN, 

Professor of Anatomy in University College, and Surgeon to University College Hospital. 



Parts 1 to yiL, forming Volume I. of the Work, may now be had, bound in cloth, 

^th the Plates folded into half their full size, price 5/. 5«. 
Parts I. to IX., each containing Five Plates and Letter- press, are published, price I2s. 

each Part. 
The work will be comprised in about Fourteen Monthly Parts, Imperial Folio, and an 

octavo volume of Letter-press. 

" This is a work excellent both in its conception and execution, and meriting the 
fvarmest patronage of the profession. — British and Foreign Med. Review, Jan. 1841. 

" This work of Mr. Quain is by far the most valuable contribution to the science of 
medicine that has been presented to the profession for some years."— Xaneef, 
Dec. 12, 1840. 

" In conclusion, we venture to predict, that the accuracy, the originality, the sterling 
practical usefulness, add, comparatively speaking, the moderate price of this beau- 
tiful work, will soon place It, not only In every public medical library In the United 
Kingdom, but in that of every professional man, who feels deeply interested in the 
progress of anatomical science, or in the eflSciency and perfection of operative sur- 
gery." — Medical Oazette, Jan. 9, 1841. 

" The Parts before us are admirable ; the sketches are clear, forcible, and to the life. 
Every operating surgeon should possess them — every Professional Library and 
Reading Room should contain them"~MedieO'Chirurgical Review, July 1841. 



Pan of t^t Wioxk. 

Ist. In the Drawings the Arteries are, in the first place, represented according to their 
most frequent arrangement, without the accompanying veins and nerves. 

2ndly. They are shown in connexion with the larger veins and nerves. 

Srdly. The deviations from that which has been taken as the standard condition of the 
arteries are illustrated in a series of sketches. 

4thly. Such peculiarities of the veins, and occasionally of the nerves and muscles, as 
appeared likely to be of importance in surgical operations, are represented on a reduced scale. 

5thly. Illustrations of the state of the arteries, after the operations for aneurism, will 
be given at the end of the publication. 

The letter-press, besides an explanation of, and remarks on the drawings, will contain — 

A series of tables, showing, in a short space, the condition of each of the larger arteries 
on about 290 bodies ; 

And some practical commentaries, which will consist for the most part of inferences 
from the facts previously set forth, and their application in the performance of the opera- 
tions of Surgery. 
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WORKS ON ANATOMY, SURGERY, &e. 



A SERIES OF ANATOMICAL PLATES, IN LITHOGRAPHY, 

with References and Physiological Comments, illustrating the Structure of the 
different Parts of the Human Body. Edited hy Jones Quain, M.D., Mem her 
of the Senate of the University of London ; and W. J. Erasmus Wilson, Lecturer 
on Anatomy and Physiology at the Middlesex Hospital. 

This publication consists of a Series of Anatomical Drawings, selected from mono- 
graph treatises or from systematic works. In such of the departments as have been 
less ably and accurately delineated by early authors, or from their date may not 
appear adapted to the present state of improvement in anatomical science, the draw- 
ings have been taken from dissections and preparations made expressly for the work. 
The plates are accompanied by letter-press, containing detailed references to the 
various objects delineated, the names being set down in English, Latin, and French. 
The drawings are taken on stone by Mr. W. Fairland and Mr. Walsh, from drawings 
by Mr. J. Walsh and Mr. W. Bagg, and the printing executed by Hullmandel, Graf, 
and Fairland. 

The Work consists of the following Divisions : 



The Muscles. Royal Folio, 51 Plates. 
21. 16«. plain. 5/. 5«. full coloured. 

The Vessels. Royal Folio, 50 Plates. 
21. I As. plain. 3/. 18«. with the vessels 
coloured. 

The Nerves. Royal Folio, 38 Plates. 
2/. 4$, plain. 41. 28. full coloured. 



The Viscera. Including the Organs of 
Digestion, Respiration, Secretion, and 
Excretion. Royal Folio, 32 Plates. 
Price 1/. IQs. plain. 3/. 10«. coloured. 

The Bones and Ligaments, (in course of 
publication, in Monthly Fasciculi,) com- 
pleting the Series. 



:ie* Any Volume may be purchased separately, 

THE SURGEON'S PRACTICAL GUIDE IN DRESSING, AND 

IN THE METHODIC APPLICATION OF BANDAGES. By Thomas Cutler, 
M.D., late Staff-Surgeon in the Belgian Army. Second Edition, enlarged, illustrated 
by numerous Engravings on Wood. Foolscap Svo, 6s. 6d, doth. 

« This appears to be a valuable little treatise. The Author seems to have spared no 
pains in procuring correct descriptions of all the surgical apparatus at present em- 
ployed in bandaging and dressing, both at home and abroad. He has given numerous 
illustrations in the form of well-executed woodcuts, and has altogether produced what 
we conceive to be a very useful, and by no means an expensive publication."— Jlfecft- 
cal Gazette, Nov. 15, 1834. 

FRACTURES OF THE EXTREMITIES, EXHIBITED IN 

TWENTY PLATES ; showing the Causes of Displacement ; with an Explanation of 
the Appearances and Mode of Treatment. By G. W. Hind, M.R.C.S., formerly 
House-Surgeon to the Middlesex Hospital, and late Curator of the Museum of Anatomy 
in University College, London. Second Edition, with Woodcuts of the Appearances 
and mode of Bandaging. 1 vol. folio, price 1/. is. cloth. 

** This volume forms a very splendid book, the result of much labour, and is calculated 
to answer every purpose that the practitioner can desire in a work of this kind."— 
Lancet. 

ON THE CLASSIFICATION OF THE INSANE. BY M. 

ALLEN, M.D., of High Beech, Essex. Svo, 6s. 

ACUTE HYDROCEPHALUS, OR WATER IN THE HEAD, 

an Inflammatory Disease, and Curable by the same means with other Diseases of In- 
flammation. By David D. Davis, M.D., Professor of Obstetric Medicine in University 
College, and one of the Physicians to University CoUege Hospital. Svo, price 9s, 6d. 
cloth. 

« In conclusion, we hare only further to state our conviction that it is a treatise 

eminently calculated to exalt the high reputation which already distinguishes its 
author."— Edinburgh Monthly Medical Journal, January 1841. 
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ADVERTISEMENT. 



The present part contains the chemistry of the oily 
acids, the fixed oils and fats, soaps and plasters, the 
essential oils, and the resins. In every one of these 
groups the reader will find the results of the most re- 
cent and accurate researches ; and it will be perceived 
that in almost all of them additions have been made to 
' our knowledge, of such extent and importance as com- 
pletely to change the aspect of this branch of the science. 
In particular, the subject of the oily acids, with the 
fixed oils and fats, now assumes, for the first time, that 
appearance of distinctness and coherence which the 
chemistry of several other organic groups had previously 
exhibited. The subject, indeed, is far from being ex- 
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ii ADVERTISEMENT. 

hausted ; but the results, which are here given in a con- 
densed form, suflSciently show that we are now in the 
right path, and that, ere long, this part of the science 
will admit of the rigorous application of those general 
laws, hitherto supposed to be applicable only to inorganic 
chemistry, or at most to a few organic groups. 

The Editor had hoped to include in this part the re- 
maining subjects ; but the necessity of new and rigid 
investigation in most of them has retarded the progress 
of the author. This delay, although in one point of 
view much to be regretted, is nevertheless not to be 
considered so injurious as under other circumstances it 
might have been. The interval has, as formerly, been 
occupied with researches, the result of which has been, 
in many instances, to make essential additions to our 
knowledge. It would have been easy to finish the work 
by giving merely what was known before the last great 
advances were made, the impulse of which continues 
to urge on the career of discovery in organic chemistry ; 
but this proceeding would have exposed the work to 
the certainty of being in no long time a most unfaithfiil 
record of what is known. The subjects remaining to 
be treated are precisely those which were lately most 
obscure, and in which the most rapid progress has lately 
been made, and continues daily to be made. 

These subjects are, the Vegetable colouring matters. 
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ADVERTISEMENT. Ill 

the Vegetable alkalies, the Vegetable nitrogenised com- 
pounds, such as albumen, fibrine, gelatine, and gluten, 
and their analogues in the animal kingdom, and finally, 
the most interesting of all, namely, the changes which 
occur during the growth and nutrition both of animals 
and yegetables. The profound researches of Liebig and 
his school have already created what may be called a 
new science in this department; but the greater part 
of their results have not yet appeared. These results 
it is the anxious desire of the Editor to embody in 
the next and concluding part of this work ; and he has 
great pleasure in stating, that, from the progress already 
made, he confidently hopes to be able to publish it in 
the end of autumn. No exertions shall be wanting 
on his part to enable him to attain this object. 

The Editor is very sensible that in the present part 
many important subjects are treated too briefly; but 
the size to which the work has already attained, and 
the vastness of the matters to be comprised in it, have 
imposed on him the necessity of confining himself 
almost entirely to stating results. He has, however, 
been very careful- to refer to the names of the au- 
thors consulted, whose memoirs are or will be con- 
tained in the Journals ; especially in the Annalen der 
Chemie und Pharmacie, in PoggendorfF's Annalen, and 
in the Annales de Chimie. 



IV ADVERTISEMENT. 

It may be mentioned here, that the recent inven- 
tion of an easy and accurate method of determining 
the amount of nitrogen in organic compounds (not 
yet published) has given a new impetus to the pro- 
gress of discovery in animal chemistry. 

WILLIAM GREGORY. 

Kings College^ Aberdeen^ 
26th Jvly, 1841. 
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MECONIC ACID. 
A iribasic acid. Symb. Me. 

Fonnula of the anhydrous acid, C^^HO^^ . . ir Me. 

of the acid dried at 212«, C^^HO, ^-f 3H0 = Me-f 3aq. 

of the crystallized acid, C ^ ^HO ^ ^ +3HO+6aq. = Me+9aq. 

Seguin first observed that infusions of opium strike a blood-red 
colour with persalts of iron. Sertuemer first obtained a meconic 
acid (pyromeconic acid), by decomposing meconate of baryta with 
sulphuric acid, and subliming the acid obtained. Robiquet, in 
1832, showed that the acid existing in opium differed from the 
sublimed acid, obtained it in a state of purity, and discovered the 
komenic acid. 

To prepare meconic acid, pure meconate of potash is dissolved 
in 16 to SO parts of hot water, and 2 to 3 parts of strong hydro- 
chloric acid are added. On cooling, a quantity of crystals is depo- 
sited, chiefly acid meconate of potash ; these are treated a second 
time with water and hydrochloric acid, by which the potash is en- 
tirely removed. The crystals should leave no residue when heated 
on platinum foil. Boiling with hydrochloric or other acids must 
be avoided, as the acid is thus changed into komenic acid. 

Meconic acid forms beautiful pearly scales, of a sour and astrin- 
gent taste. They lose, when heated, 21 p. c. of water n 6aq. 
and become opaque. The crystals are sparingly soluble in cold 
water, much more so in hot water. When the solution is boiled 
for a long time, the acid is destroyed; and komenic acid, oxalic 
' acid, carbonic acid, and a deep brownish-yellow colouring matter 
are formed. When boiled with strong hydrochloric acid, komenic 
and carbonic acids alone are formed. Animal charcoal absorbs me- 
conic acid, and cannot be used to decolorize it. When the acid 
is exposed to heat, at 248° it is decomposed, yielding water and 
carbonic acid, while komenic acid is left. If the heat be increased, 
the komenic acid is resolved into pyromeconic and carbonic acids. 
Sulphuric acid acts on meconic acid in the same way as hydrochlo- 
ric acid, but more slowly. Nitric acid decomposes it very rapidly. 
When boiled with an excess of caustic potash, meconic acid is en- 
tirely resolved into oxalic acid, carbonic acid, and a brown matter. 
(Liebig.) The persalts of iron are coloured of a deep blood-red 
by meconic acid or its salts. The acid is soluble in alcohol. 
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MECONATES. 

Meconic acid fonns with bases three kinds of salts, according as 
1, 2, or 3 eq. of the hydratic water are replaced by metallic oxides. 
The general formula for those salts are as follows : 

Monobasic Salti. Bibasic Salts. Tribasic Salti. 

^,7o] ^-'hSI "''"o- 

The only tribasic salt yet analyzed is one formed with oxide of 
silver. All the soluble monobasic and bibosic meconates have an 
acid reaction : the soluble tribasic salts have an alkaline reaction. 
The monobasic and bibaaic salts of the alkalies and alkaline earths 
are sparingly soluble or insoluble ; the tribasic arc very soluble. 

Meconate of Ammonia. — The monobasic and bibasic meconates 
of ammonia are crj'stallizable and have an acid reaction. An ex- 
cess of ammonia produces tribasic meconate, which gires to the 
liquid a yellow colour. 

Meconates of Potash. — Mc,2KO,HO. The bibasic salt is ob- 
tained by adding caustic potash to a mixture of water with the im- 
pure meconic acid obtained from the meconate of lime (see below), 
till a greenish colour begins to appear. Heat is applied till the 
whole is dissolved; and, on cooling, the salt crystallizes in large 
quantity. It is purified by pressure, and repeated crystallization. 
It is sparingly soluble in cold water. Caustic potash added to its 
solution, produces a soluble tribasic salt which is yellow. If boil- 
ed with excess of potash, it is converted into oxalate and carbonate, 
while an intense colouring matter is formed. If treated with hy- 
drochloric acid, it yields monobasic meconate in shining needles, 
= Sl^,K0,2H0. 

Meconates of Soda.^ln all respects analogous to the meco- 
nates of potash. 

Meconates of Lime. — The insoluble bibasic meconate of lime is 
easily obtained from opium, by adding chloride of calcium to the 
infusion of that drug, as in the process of Gregory and Robertson, 
for preparing muriate of morphia. Its formula is Rle,2CaO,HO 
-(- 2aq. It is used for preparing meconic acid by the following 
process, which is a modification of Robiquet's, proposed by Gregory. 
(Ann. der Pharm. xxiv. 43.) One part of this salt is mixed with 
20 of water at 212°, and 3 parts of strong hydrochloric acid are 
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added; the whole diesolves, and on cooling deposits monobaBic 
meconate of lime, MeiCaO,2HO + Bq. in silvery crystals. The 
sulphate of lime, which ia always contained in the meconate of 
commerce in large quantity, is entirely retained in solution by tlie 
large excess of hydrochloric acid prescrihed ; which has also this 
advantage, that it cauees the acid meconate of lime and the mecooic 
acid to crystallize out almost entirely, hardly any being retained ia 
solution. The crystals obtained in the first operation are again 
treated exactly in the same way, boiling being avoided ; and the 
operation is repeated, if necessary, till the crystals, heated on pla- 
tinum foil, leave no residue of lime. They are then coloured me- 
conic acid, which is purified by being converted into meconate of 
potash, as above described ; and from the pure meconate of potash 
the acid is extracted by a similar process, as already mentioned. 

The Meconates of Bart/(a, Magnesia, and Protoxide of Iron 
have been described, but have little interest, 

Meconate of Peroxide of Iron. — MejFejOj ? This is a very so- 
luble salt, of a deep red colour. Sulphurous acid and protochloride 
of tin decolorize it, especially with the aid of light. Owing to the 
intensity of its colour, the persalts of iron may be employed as 
tests for racconic acid, and hence of opium, the only substance in 
which meconic acid occurs. 

Meconate of Lead. — Me. 2PbO,HO. A white insoluble pow- 
der, sometimes used in preparing meconic acid, 

Meconates of Silver. Bifiastc— Me,2AgO,HO. This salt is 
obtained by adding nitrate of silver to a solution of meconic acid. 
It is a heavy, white, insoluble powder. When boiled with water, 
it forms a yellow tribasic salt, while the water dissolves meconic 
acid. If heated, it leaves brilliant metallic silver. When boiled 
with diluted nitric acid, it yields cyanide of silver. (Liebig.) 

Tribasic. — Me,3AgO. Meconic acid, slightly supersaturated 
with ammonia, gives with nitrate of sUver a yellow precipitate of 
tribasic meconate of silver. (Liebig.) 

KOMENIC ACID. 
A product of the decomposition of meconic acid. A bibasic 
acid. Discovered by Robiqnet. Formula of the crystallized acid, 
C'ljHjOa + 2H0. (Liebig.) 

Komenic acid is formed from meconic acid, by the influence of 
heat, or the reaction of a powerful acid. It is also formed by 
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simplj boiling meconic acid witli water ; but in this way it is 
accompanied by an intense brown colouring matter, formed 
along with it. When meconic acid is boiled with strong hydro- 
chloric acid, komenic acid is obtained almost colourless. The two 
acids Lave a close relation to each other. Meconic acid, contain- 
ing its basic water, C^HjOn, by losing 2 at. water, 2H0, and 2 
at. carbonic acid, 2C0i, is converted into komenic acid, C|jHjOg, 
which takes up 2 at. of basic water. 

Komenic acid forms hard crystalline grains, or crusts ; its solu- 
tion decomposes the carbonates, and produces a blood*red colour 
with the persalts of iron. When heated to 570°, it is resolved into 
pyromeconic acid, carbonic acid, and water, 

KOUENATES. 

Komenic acid forms two seta of salts with bases, the general 
formula: of which are, 

MoDobuic Salts. Bibuic Salti, 

*'°+^0 I '"'* KS+2M0. 

Of these salts little is known ; the monobasic alkaline kome- 

nates are less soluble than the bibasic salts of the same bases. The 

monobasic komenate of silver is white, the bibasic yellow. Both 

have been analyzed by Liebig. (Ann. der Pliarm. xxvi.) 

PYROMECONIC ACID. 

Formula of the crystallized acid, CioHjOj +aq. (Rohiquet.) 
It was discovered by Sertucmer, and long viewed as sublimed meco- 
nic acid, till Robiquet discovered the meconic acid, from which it 
is produced. 

It is best obtained by distilling komenic acid at 570°. The latter, 
by losing 1 at.water and 2 at. carbonic acid, yields pyromeconicacid; 
C,2H,0|(, = CioHjOj + HO + 2C0,. Towards the end of the dis- 
tillation, feathery crystals of another acid condense in the neck of 
the retort, which Gregory considers to be komenic acid, perhaps 
regenerated. At all events, he found its properties very similar to 
those of komenic acid. 

Pyromeconic acid crystallizes easily, either by sublimation, or 
from its solution in alcohol. It is very soluble, and strikes a red 
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colour with the pcraalta of iron. According to Robiquet, it is ao 
feeble an acid that it crystallizes unchanged out of a solution of 
potash. Its compound with oiide of lead is C||,H)Oj,PbO ; bo 
that it seems to be a monotiasic acid. Liebjg has pointed out that 
its composition is the same as that of ppomucic acid ; and thinks 
it probable that these acids may prave identic&l. The whole sub- 
ject requires investigation. 

TANNIC ACID. 

Fonnula, CigHjOg + 8H0. Symb. "Qt + 3aq. Sj-n. Tannin; 
Acidum Quercitannicum, — It is found in every part, but especially 
in the borli, of all species of quercus, but in the greatest quantity 
in gall-nuts. To obtain it, coarsely powdered gall-nuts are acted 
on by ether, which has previously been shaken with water, in a 
percolator. In the bottle placed below are found two strata of 
liquid. The heavier is a saturated solution of nearly pure tannic 
atid in water; the lighter is a solution of gallic aeid and of colour- 
ing matter in ether. The heavier liquid is gently eraporated to 
dryness, and leaves a shining porous mass of pure tannic acid. 
(Pelouze.) 

It has usually a pale yellow colour, is very soluble in water, and 
has a purely astringent taste of singular intensity. It reddens 
vegetable bines. The solution, when heated in contact with air, 
absorbs oxygen, giving off an equal volume of carbonic acid, and 
is converted into gallic and ellagic acids. A moderately strong 
solution, when mixed with sulphuric, Lydrochtoric, phosphoric, 
arsenic, and boracic acids, yields precipitates, soluble in pure water 
and in alcohol, which are compounds of tannic acid with the other 
acids. (Berzelius.) 

If the compound with sulphuric acid be dissolved with the aid 
of heat in diluted sulphuric acid, and boiled for a few minutes, the 
tannic acid disappears, and on cooling a lai^ quantity of coloured 
crystals of gallic acid is obtained. An analogous change occurs 
when it is boiled with an excess of caustic alkali. (Liebig.) 

Tannic acid combines with the skin of animals, forming an 
insoluble compound which does not putrefy. This is leather. 
By means of a bit of prepared skin, tannic acid may be entirely 
withdrawn from its solution in water, A solution of gelatine is 
precipitated by tannic acid in thick flocks, which dissolve when 
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heated with the Hupernatant fluid. By the action of heat, taonic 
acid is conveitcd into metallic and pytogallic acids. 

TANNATES. 

These salts are characterized by Btriking a deep bluish-black 
colour with the persalts of iron (ink). They do not precipitate 
gelatine till an acid be added. Tannic acid and the soluble tannatea 
precipitate most of the organic alkalies in the form of white pul- 
verulent compounds, insoluble in water, soluble in acetic acid. 
A solution of tannic acid, neutralized with potash, yields a thick 
precipitate, easily soluble in excess of potash ; when this alkaline 
solution is boiled, it produces gallic acid and a brown colouring 
matter. The cold solution of tannate of potash rapidly absorbs 
oxygen from the air, and becomes brown. 

Ammonia and soda act like potash. The tannatcs of baryta, 
Btrontia, lime, and magnesia are very sparingly soluble. Tannate 
of alumina is quite insoluble. The salts of protoxide of iron are 
not altered by tannic acid ; but the mixture, when exposed to the 
air, absorbs oxygen, and becomes black. The black precipitate, 
formed with the persalts of iron is composed of 3Qt,Fcs03,9HO. 
(Pelouze.) 

Tannate of Lead, — When acetate of lead is precipitated by 
tannic acid, and the precipitate boiled for some time with an excess 
of the salt of lead, it is changed into a sandy yellow powder, which 
is neutral tribasic tannate of lead, Qt,3PbO. (Liebig.) The pre- 
cipitate formed in the cold, according to Berzelius, contains Si'Sl 
p, c. oxide of lead. 

Tannic acid produces with a solution of tartai-emetic a white 
precipitate, 3Qt,Sb205. 

The salts of tannic acid require a thorough investigation. 

PRODUCTS OF THE DECOMPOSITION OP TANNIC ACID. 

It has already been mentioned that tannic acid is readily con- 
verted into gallic acid and a brown matter, when boiled with acids 
or alkalies. The products of the distillation of tannic acid are the 
same as those of gallic acid ; and this circumstance, with some 
observations of Robiquet, led to the idea that tannic acid contains 
gallic acid ready formed. An aqueous infusion of nut-galls gra- 
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dually passes into gallic acid. Hitherto it is impossible to eay 
what is the body which, united with gallic acid, forms tannic acid. 
According to Bmconnot, niit-gaUs, powdered and moistened, un- 
dergo fermentation, yielding alcohol and carbonic add, which would 
indicate the presence of sugar, a substance not yet observed in u 
free state in nut-galls ; 3 at. of tannic acid contain tho elements 
of 6 at. of gallic acid and 1 at. of grape sugar. 

It is also remarkable that, according to Pelletier, a mixture of 
gallic acid and gum precipitates gelatine, which neither body 
separately does. 

According to Peloiiie, when a solution of tannic acid, by absorb- 
ing oxygen, is converted into gallic acid, an equal volume of car- 
bonic acid is given off. If S at, oxygen be added to 1 at. tannic 
acid, we have the elements of 4 at. carbonic acid, 2 at. water, and 
2 at. gallic acid, C„HsO,5+Og = 4CO,+2HO-(-2(C,H,Oj.) Ac- 
cording to Erdmann, much ellagic acid is formed in tliis pro- 
cess. Tannic acid, treated with peroxide of manganese or of lead, 
is oxidized without the production of gallic acid. 

There is reason to think that the brown matter produced when 
tannic acid is converted into gallic acid by the action of sulphuric 
acid is a secondary product of the decomposition of a colourless 
compound produced at first with the gallic acid. If from 1 at. 
of tannic acid we subtract 2 at. of anhydrous gallic acid, the re- 
mainder has the composition of hydrated acetic acid, or of sugar of 
starch. But acetic acid has been in vain sought for among the 
products of this reaction ; and sugar of starch may be heated with 
sulphuric acid of the same strength without being decomposed or 
rendered brown. 

The question of the pre-existcnce of gallic acid in tannic acid is 
interesting ; but it must for the present remain undecided. 



GALLIC ACID. 

Formula pf ihe e^Blals, C,HO,+3HO=G+3aq. 

of the amcl dried al 212°. C,HO,4-2HO =U+2aq. 

of ite acid io the liall oflead. A, C,HO,-|-HO =U+aci. 
in the salt of lead, B, C,UO,-li. 

Discovered by Scheele. It exists ready formed in the seeds of 
the mango, and is a product of the decomposition of tannic acid. 
Its preparation has been described under tannic acid. The colour- 
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ed crystals ore purified by being combined with oiide of lead, and 
the compound decomposed by aulpliurctted hydrogen. Here the 
Eulphuret of lead acta like animal charcoal in removing the colour^ 
ing matter. 

It crystallizes in brilliant prisma, generally of a pale yellow 
colour. It is soluble both in water and alcohol, and does not pre- 
cipitate gelatine. Its solution, exposed to the air, absorbs oxygen, 
gives off carbonic acid, and becomes brown and mouldy. The 
presence of allialics hastens this change. Gallic acid colours the 
pcrsalts of iron of a deep bluish-black ; and forma with solutions of 
black oxide of iron a permanent black precipitate. 

When galhc acid is dissolved in oil of vitriol with the aid of 
heat, it forms a carmine-red solution, which, when thrown into 
iiater, deposits a reddish-brown precipitate, which contains no sul- 
phuric acid, and at 212" loses 10 p. c, water. When thus dried, 
it is gallic acid minus 1 at. basic water and 1 at. water of crystal- 
lization. Its formula is CjHjO,. (Robiquet.) This substance is 
insoluble in water, soluble in aJkaliea. It may be made to yield 
the same tints to cloth as madder, with the same mordants. When 
heated, it yielJa vermilion -coloured crystals. When gallic acid 
is heated with a solution of chloride of calcium, carbonic acid is 
disengaged, and a crystalline powder is deposited, the composition 
of which is unknown. (Robiquet.) 

Heat converts gallic acid into carbonic, pyrogallic, and meta- 
callic acids. 



These salts are distinguished by the rapidity with which they 
are decomposed when exposed to the air in contact with free aJkali. 
When a little gallic acid is added to an alkaline solution, it passes 
through yellow, green, red, and brown to black. This colour has 
sometimes erroneously been attributed to the presence of oxide of 
iron in mineral waters tested by gallic acid. The only gallatea the 
composition of which is known, are the acid gallate of ammonia, 
and the gallatea of lead. 

Acid Gallate of Ammonia is obtained by neutralizing one-half 
of a solution of gallic acid with ammonia, adding the other half, 
and crystallizing. It fonns short yellowish prisms ; the compt 
tion of which is, C,H0„AdH,O + C,H0a,2HO; orG.AdHjl 
-I- G,HO + aq. 
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Acid Gallate of Lead is obtained by adding acetate of lead 
to a wann solution of gallic acid, leaving an excess of the latter. 
A white precipitate falls, which, if left in the liquid, changes into a 
grey crystalline powder. When dried at 212% it contains 2GjPbO, 
HO +aq. 

Basic Gallate of Lead is obtained by adding a solution of gal- 
lic acid to a boiling solution of acetate of lead, the latter being in 
excess. It is a flocculent white precipitate, which when boiled 
becomes grey and crystalline. Its formula is G»2PbO. 

The gallates of potash, soda, and of the protoxides of manga- 
nese, iron, zinc, cobalt, and nickel are soluble. The rest are inso- 
luble. 

ACTION OP HEAT ON GALLIC AND TANNIC ACIDS. 

When tannic acid is distilled by a quick fire, it froths and melts 
into a black viscid liquid, which, after the heat has been continued 
for some time, becomes solid. The volatile products are carbonic 
acid, water, and crystals of pyrogallic acid. The solid residue dis- 
solves in alkalies, and is precipitated by acids as a black powder, 
which Pelouze calls Metagallic Acid^ but for which Berzelius pro- 
poses the name of Melangallic Acid. 

When gallic acid is kept for a long time at a heat of 410% it is 
changed into a grey powder, which dissolves in hot water, and on 
cooling yields reddish-coloured crystals of an astringent taste. If 
gallic acid be heated to 440°, it melts, and leaves a shining black 
mass, which is soluble in water, and tastes like catechu. It preci- 
pitates gelatine ; but does not, like tannic acid, precipitate the or- 
ganic alkalies. At a still higher temperature metagallic acid is 
formed. The volatile products are the same as those of tannic 
acid. 

PYROGALLIC ACID. 

Formula, CgHO, when reduced to the simplest form. It is 
uncertain whether its equivalent be CgHsOg, or C8H4O4. Its pre- 
paration by heating tannic or gallic acids has been described. 

It forms shining scales or needles, of a bitter and astringent 
taste; is neutral to test paper, and melts at 240% boils at 410% 
and sublimes unchanged. If suddenly heated to 480®, it is con- 
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verted into water and metagallic acid ; a higher temperature pro- 
duces carbon and empyreumatic products. It is soluble in water ; 
and reduces gold, silver, and mercury from their solutions. It 
strikes a bluish-black colour with salts of protoxide of iron, and 
also with the persalts of iron, which are reduced thereby to proto- 
salts. 

Of pyrogallic acid so little is known, that it is even doubtfiil if it 
possess acid properties. It stands to gallic acid in the same rela- 
tion as acetone to acetic acid. 

PYROGALLATES. 

Of these salts, only the pyrogallate of lead has been examined by 
Berzelius, Pelouze, and the late R. C. Campbell, of Glasgow. 
According to the two former, the precipitate formed by adding 
ppogallic acid to acetate of lead is CgHgOg -h PbO. According to 
Campbell it is C8H4O4 + PbO. 

All the salts of pyrogallic acid, in contact with an excess of 
alkali, undergo a change similar to that of the salts of gallic acid. 
Pyrogallic acid, neutralized with potash, strikes a deep blue with 
the persalts, and a bluish-black with the protosalts of iron. 

METAGALLIC ACID. 

Formula of the anhydrous acid, CgHgOg. (Pelouze.) Probable 
atomic weight, CjgHjOg + HO. 

It is a product of the decomposition of tannic, gallic, and pyro- 
gallic acids, and its preparation has been already described. 

It forms a black powder, soluble in alkalies. These solutions 
have a black colour, and cause black precipitates in solutions of 
lead and silver. The salt of silver is CigHgOg -h AgO. 

CONSIDERATIONS ON THE FOREGOING FACTS. 

Tannic and gallic acids, although of very diiSTerent composition, 
yet yield the same products, only in different proportions, by the 
action of heat ; namely, metagallic, pyrogallic, and carbonic acids, 
and water. 

Tannic acid may be viewed as a compound of gallic and pyrogal- 
lic acids. 



NUT-GALLS. ELLAGIC ACID. 1047 

3 at tannic acid ; 3(C^^U^O^^)zz6 at. gallic acid ; eCCjHjOa)^ 2 at pyrogallic 
acid,2(C«H,0,). 

Now, since gallic acid contains the elements of carbonic and pyro- 
gallic acids, or of carbonic acid, metagallic acid, and water, it is 
easy to see how all these products may be formed. The propor- 
tions, however, diflfer with the temperature. This renders it diffi- 
cult to represent all the changes by one simple eqi^ation. 

It is plain, however, that tannic, gallic, and pyrogallic acids, 
like the three acids described under meconic acid, have an intimate 
connection. Further experiments must decide in what form the 
carbolic and pyrogallic acids exist in the tannic and gallic acids. 

NUT-GALLS. ELLAGIC ACID. 

From the puncture of an insect (Cjmips gallsB tinctorisD, Oli- 
vier) there is produced, on the leaves of all species of quercus, the 
so-called Nut-galls. These, when of good quality (Aleppo galls), 
contain 80 to 50 per cent, of soluble matter, chiefly tannic acid. 

The alcoholic or aqueous infusion of nut-galls is known by the 
name of tincture of galls. It contains variable proportions of 
tannic and gallic acids, and is used as a test. 

It precipitates persalts of iron of a deep bluish-black colour ; tin, 
yellowish ; nickel, greenish-yellow ; cobalt, whitish-yellow ; cerium, 
yellow ; copper, grey ; titanic acid, red ; tellurium, yellow ; anti- 
mony, white ; columbium, reddish-yellow ; chromium, brown ; 
molybdenum, brown ; lead, white ; uranium, reddish-brown ; bis- 
muth, reddish ; silver, dirty yellow ; platinum, dark green ; gold, 
brown ; osmium, violet. 

A fresh infusion precipitates the salts of cinchonine, quinine, 
brucine, strychnia, codeine, narcotine, and morphia, all white. 
These precipitates are soluble in acetic acid. 

When the infusion of nut-galls is exposed to the atmosphere, the 
tannic acid gradually disappears, and is replaced by gallic acid and a 
insoluble grey powder. Chevreul found that this powder was solu- 
ble in alkalies, and precipitated by acids ; he called it Ellagic acid 
(from Galle reversed). Braconnot observed, that it is formed in 
large quantity when nut-galls, moistened, are made to undergo fer- 
mentation. It forms with potash a crystallizable salt, insoluble in 
water, but soluble in alkalies. According to Pelouze, its formula 
is C7H,04 -f HO = CyHjOg, which is the composition of gallic 



add dried at 212°, In the anhydrous state it has llie same composi- 
tion as the compound deaeribcd by Robiqaet as produced by the 
K - action of sulphuric acid on gallic acid ; from which, however, it dif- 
fers in its colour, and in the insolubility of its compound with 
potash. 

Ellagic acid, when heated, yields a greenish- yellow vapour, 
which condenses into greenish-yt How crystals, which are soluble 
without change In sulphuric acid and alkalies, and are dissolved by 
nitric acid with a red colour, being converted into oxalic acid when 
the solution is heated for some time. 

Grischon has found ellagic acid in the root of tormentilla 
officinalis. 

COMPOUNDS OF UNKNOWN CONSTITUTION SIMILAR IN THEIR 
RELATIONS TO TANNIC ACID. 

Cinchona baric, catechu, and kino, the barks of the pine tribe, 
and many other vegetables, contain substances analogous to tannic 
acid, in so far as they are astringent, and are capable of combining 
with animal skin and gelatine. They differ from it, liowever, prin- 
cipally in causing a dark green or a grey precipitate with the par- 
salts of iron ; for which reason the name of tannin which precipi- 
tates iron green, and of tannin which precipitates iron grey. Lave 
been given to them collectively. 

The experiments of Geiger, Bentelius, and Waltl tend to prove 
that the tannic acid in all plants is essentially the same ; and that 
the green and grey colours of the precipitate with salts of iron ore 
owing to the presence of free acid, since the addition of a minute 
quantity of alkali changes these into the usual bluish-black caused 
by pure tannic or gallic acids. 



The substance known in commerce under the name of catechu ia 
the dried watery extract oi mimosa catechu. (Willdenow.) It is 
astringent and bitter, with a sweetish after-taste. It contains a 
considerable quantity of tannic acid, soluble in cold water, and very 
similar in its properties to that from nut-galls. Hitherto, however, 
it has not been observed to yield when heated the same products as 
ordinary tannic acid. This modification of tannic acid requires a 
careful investigation. 
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CATECHINE. 

The portion of catechu which is insoluble in cold water contains 
a peculiar principle, catechine or tanningenic acid, discovered by 
Biichner. It is soluble in hot water and in alcohol. The colour- 
ing matter dissolved along with it is removed by adding acetate of 
lead till the liquid becomes colourless, precipitating the lead by 
sulphate of soda, and allowing the clear liquor to cool, when the 
catechine is deposited. It can only be safely filtered through 
paper purified by hydrochloric acid from oxide of iron and lime, as 
it is coloured by contact with these bases. 

Catechine forms a fine white powder composed of silky needles, 
fusible in a moderate heat, decomposed by a higher temperature. 
According to Biichner, if heated till it becomes brown, it is changed 
into tannic acid. It is very sparingly soluble in cold water. Its 
solution is coloured red by long exposure to the atmosphere, and if 
now evaporated leaves a red splintery mass, soluble in cold water. 
Catechine colours green the persalts of iron. It does not precipi- 
tate gelatine, tartar-emetic, or vegetable alkalies. According to 
Svanberg, its formula is CijITgOg. This requires confirmation. 

When exposed to the air in contact with caustic alkalies, it forms 
black solutions ; with carbonated alkalies, red solutions. Accord- 
ing to Svanberg, the former contain a new acid. Japonic Acidy in 
combination with the bases ; the latter, another new acid, Rubinic 
Acid. 

Japonic acid, when separated from its salts, forms a black pow- 
der, soluble in hot water. Its formula is C12H4O4 4- aq. That 
of the japonate of silver is C24H8O8 + AgO. (Svanberg.) Ac- 
cording to this, 2 at. of acid lose 2 at. of water, which are replaced 
by 1 at. oxide of silver. This is rather improbable. 

Rubinic acid has not been obtained in a separate form. Its 
formula, as it exists in the rubinate of silver, is CigHgOp. (Svanberg.) 
The production of these compounds is not yet explained. 

According to Pelouze, ether dissolves out of dry catechu a spe- 
cies of tannic acid, the formula of which is CigHpOg. It remains 
to be determined whether this is catechine ; from which, however, in 
the present state of our knowledge, it appears to differ in com- 
position. 
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CITRIC ACID. 
A tribasic acid. (Liebig.) 

A. Fonnula in the salt of silver • • .C^^H^O^^i^Ci 

B. Formula of the acid driedat 2129 . C.aHa0^jH-3HO=Ci+3aq. 

C. Formula of the acid crysUUized by cooling C^aHaOi ^-f 3HO-j-aq=CH-4 aq. 

D. Formula of the acid formed at 61» . C^gH^O, i+3H04-2aq=Ci-|-6 aq. 

Discovered by Scheele in 1784. It is found in the juice of 
many fruits, particularly those of the different species of cttrus^ vac-^ 
ciniuniy and ribes. 

To obtain it, citrate of lime is formed by adding chalk to lemon 
juice ; and this salt is afterwards decomposed by diluted sulphuric 
acid in slight excess, and the citric acid purified by crystallization. 
It is made in large quantity for the calico printers, and for medical 
purposes, and may be purchased at a cheap rate in a high degree of 
purity. It is chiefly used in medicine as an ingredient in efferves- 
cing powders. 

It forms regular transparent crystals, very soluble, of a pleasant 
acid taste, which differ in the amount of water when formed at dif- 
ferent temperatures, as in the above table. The acid D loses two 
atoms of water at 212% and is converted into the acid B. The 
acid C does not lose water, even at 266**. All the modifications melt 
by heat ; and if the heat be removed as soon as other products 
besides water appear, there is left a transparent deliquescent mass, 
which is a mixture of citric and aconitic acids. A higher temperature 
causes the production of carbonic oxide, carbonic acid, acetone, 
acetic acid, and two pyrogenous acids, with a trifling residue of car- 
bon when the heat has been strong and rapidly applied. 

By the action of oil of vitriol, aided by heat, citric acid is resolved 
into carbonic oxide, carbonic acid, acetic acid, and water, the ele- 
ments of which it contains. 

When melted with an excess of caustic potash, it is resolved into 
oxalic and acetic acids and water, which is merely a different arrange- 
ment of the same elements. 

By oxidizing agents in general citric acid is partially converted 
into acetic acid. 

When a few drops of a solution of citric acid are added to lime 
water, a clear liquid results, which, when heated, deposits a white 
powder, soluble in acids without effervescence. 
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CITRATES. 

Citric acid forms with bases neutral and basic salts. The for* 
mula of the neutral tribasic salts is Ci + 8M0 + aq., and they cor- 
respond to the acid C, its basic water being replaced by an equiva- 
lent of protoxide. They contain, besides, 1 at. of water of crystal- 
lization, which they lose when heated. Their formula then is 
Ci + 3M0, corresponding to the acid B. 

In the basic salts, either the water of crystallization of the neutral 
salts is replaced by an equivalent of protoxide, Ci + 3M0 4- MO, 
being thus also analogous to the acid C ; or else, in addition to 

this, they contain 1 at. water of crystallization, Ci + 8M0 + prrv r ? iii 

which case they correspond to the acid D. 

The only bibasic citrate yet examined is that of lead, in which 
2 of the 3 at. of basic water of the acid D are replaced by oxide of 
lead. 

The citrates, when heated, &oth, blacken, and give off an acid 
liquid. 

When an anhydrous citrate, Ci+8M0, is decomposed by an 
alcoholic solution of hydrochloric acid, so that each equivalent of 
citric acid can only obtain 3 eq. water, formed by the oxygen of 
the oxide, and the hydrogen of the hydrochloric acid, the citric 
acid resolves itself into hydrated aconitic acid, and the citric acid 
C ; thus, 

3 at. hydrated aconitic acid C^^^g ^la^^CC^ HOg-f-aq.) 
2 at citric acid . . Cfl^H,aOao=2(C^aHaO^,+3HO-i-aq.) 

CaaHi,40^4=3(C,aH40,,H-3HO.) 

This is the same change which is produced by heat. (Berzelius.) 

Citrate of Ammonia is a very soluble and crystallizable salt, not 
particularly examined. 

Citrate of Oxide of Ethule. — Formula, Ci>3AeO. (Dumas.) 
Discovered by Thenard. It is obtained by heating a mixture of 
citric acid, alcohol, and oil of vitriol, till ether begins to distil over. 
When the residue in the retort is mixed with water, the citric 
ether separates as a heavy oily fluid. It is washed with water, dis- 
solved in alcohol, and decolorized by charcoal. The alcohol being 
dissipated by heat, leaves the new ether pure. It has a faint smell of 
olive oil, and a bitter taste. Sp. g. = 1 *I42. It boils at 540"^, but 
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is partially decomposed ; yielding carbon, pyrocitric acid, and 
alcohol. It is converted by alkalies into citric acid and alcobol ; but 
is not altered by acids in the cold, nor by chlorine and bromine. 

The monobasic and bibasic citrates of ethule are not known. 
The citrates of methule and glycerule, &c. are also unknown. 

Citrate of Potash. — Three citrates of potash exist, CifSKO ; 
Ci,2K0,H0 ; and Ci,KO,2HO. They are soluble and crystalli- 
zable, but have not been further investigated. 

Citrate of Soda, — Formula of the tribasic salt, Ci>8NaO, 
11 aq. (Berzelius.) This salt forms large regular crystals. At 212° 
they lose 7 at. water, leaving Ci)8NaO,4aq. When heated to 
from SGC* to 880°, the remaining 4 at. water are expelled ; but a 
portion of the salt is converted into aconitate of soda. 

The bibasic salt, Cl,2NaO,HO, is obtained by adding to a solu- 
tion of the last salt half as much citric acid as it already contains. 
By spontaneous evaporation it forms small prismatic crystals. 

.The monobasic salt, Ci>NaO,2HO, is obtained by a similar pro- 
cess, adding a quantity of citric acid equal to that already present. 
It forms a gummy amorphous mass ; but may be obtained in crys- 
talline grains from an alcoholic solution. 

Citrate of Baryta. — Two forms of this salt are known. Citrate 
of soda added to chloride of barium causes a white precipitate, 
Ci,8BaO,7aq. (Berzelius.) A heat of 300** expels 6 at. ; a higher 
temperature the last atom of water. When a hot solution of citric 
acid and chloride of barium is added to a hot solution of citrate of 
soda till the precipitate is dissolved, and the mixture allowed to 
cool, a crystalline powder is deposited, which contains SCi^^BaO, 
HO + 7aq. and must be viewed as a compoimd of the salt first de- 
scribed with a bibasic salt, Cij^BaOjHO. 

Citrate of Lime. — The tribasic salt, formed like that of ba- 
ryta, is (jrj8CaO,4aq. (Berzelius.) The precipitate formed by 
heating citric acid with an excess of lime-water is a basic salt, 

Ci,3CaO, + jjQ J- . At 21 2^ it is converted into Ci,8CaO,CaO. 

The salt formed by adding chalk to lemon or currant juice, from 
which citric acid is obtained, is a mixture of the two salts just de- 
scribed. 

Magnesia, alumina, and protoxide of manganese, each form with 
citric acid an insoluble tribasic and a soluble monobasic or bibasic 
salt. The citrate of protoxide of iron is crystallizable ; that of 
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the peroxide is brown and soluble. Citrate of zinc is sparingly 
soluble. 

Citrate of Lead. — The tribasic salt, Ci>3PbO,aq. is a white 
powder, resolved, by washing with water, into the soluble bibasic 
salt, and an insoluble salt with excess of base. The bibasic salt, 
CijSPbOjHO, + ^aq. forms crystalline grains. The basic citrate 
of lead occurs in two forms ; the first is Ci>6PbO : the second 
CJ,3PbO,PbO ) 
HOj • 

The only citrate of copper yet described is a green crystalline 
powder, Ci»3CuO,CuO = Cij^CuO. It cont\ins, therefore, an 
excess of base. 

Citrate of Silver forms a brilliant white powder, which, if 
washed and dried below 60°, is Ci>^AgO,aq. When gently heat- 
ed, it gives off water, and becomes Ci^SAgO. 

Potash'Citrate of Antimony. — This salt, which has properties 
analogous to tartar-emetic, forms dazzling white prisms. It is com- 
posed of Ci^SbgOj 4- UUSKO 4- 5aq. (Thaulow.) The water is 
expelled at 375°. 

ACTION OP HEAT ON CITRIC ACID. 

This subject has occupied the attention of Lassaigne, Dumas, 
Baup, Robiquet, Dahlstrom, and Berzelius ; but the products 
vary so much with the circumstances of the experiment, that 
their results appear contradictory and irreconcileable. The very 
recent researches, however, of Crasso (Liebig'*s Annalen, April 
1840) have cleared up the whole subject, and reconciled the con- 
tradictions of his predecessors. We have only space for his 
results. 

According to Crasso, then, crystallized citric acid, when exposed 
to heat, exhibits four stages of decomposition. During the first, 
the water of crystallization alone is given ofi^, and the residue con- 
tains unaltered citric acid. The second stage is characterized by 
white vapours, and the production of acetone, carbonic oxide, and 
carbonic acid, while the residue consists of hydrated aconitic acid, 
which is therefore the true pyrocitric acid. In the third stage, the 
aconitic acid, not being volatile, is itself decomposed, yielding car- 
bonic acid, and an oily liquid, which soon crystallizes. This is the 
pyroaconitic acid, the citricic acid of Baup, for which Crasso pro- 

4 A 
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poses the name of Itaeonic acid. In the fourth period, empyreu- 
matic oil is produced, and a voluminous coal remains behind. 
Crasso has further shown that the aconitic acid, heated by itself, is 
converted into itaeonic acid and carbonic acid ; and that the ita- 
eonic acid, when heated, yields a volatile acid isomeric with itself, 
which is identical with the citribic acid of Baup, which he pro- 
poses to call Citraconic acid, and which is always more or less 
formed along with the itaeonic acid, owing to the easy decom- 
position of the latter. The action of heat on citric acid, therefore, 
gives rise to three distinct acids in regular sequence ; 1st, aconitic 
or pyrocitric acid ; 2nd, itaeonic or pyroaconitic acid ; 3rd, citra- 
conic or pyro-itaconic acid. 

ACONITIC ACID. 

Formula, C4HOS + aq. Symb. At + aq. 

This acid was discovered by Peschier, in the aconitum napellus, 
and analyzed by L. A. Buchner, jun. The acid observed by 
Braconnot in equisetum fiuviatile^ and analyzed by Regnault, 
seems to be identical with it ; as does also the acid obtained from 
citric acid by Berzelius and Dahlstrom, as above described. It is 
easily extracted from the plants, by combining it with oxide of 
lead, decomposing the salt by sulphuretted hydrogen, and purify- 
ing the acid by solution in ether. 

It forms a white crystalline mass, soluble in water, of a pleasant 
acid taste. It is decomposed by heat, yielding two new acids. 
Reguault supposed it to be identical with maleic acid ; but as the 
latter is converted by heat into fumaric acid, a change not observed 
in aconitic acid, this identity is doubtful. It ought to be men- 
tioned also, that the acid from equisetum fluviatile may be sublimed 
without change, although in all other particulars identical with the 
acid from aconitum napellus. 

Its production is easily explained, for 1 at. anhydrous citric 
acid, CjaHgOn, )delds 

1 at. aconitic acid =0^ HgO^rzC^HOa+HO. 

1 at acetone =09 HgO. 

4 at. carbonic oxide =C^ O^. 

1 at, carbonic acid =C Og. 

1 at. anhydrous citric acid =C^2H50j^|^. 

As above mentioned, this is the true pyrocitric acid. 
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ACONITATES. 

The alkaline aconitates are soluble in water, the others insoluble 
or sparingly soluble. Their properties are not very interesting. 
The general formula for these salts is At^MO. They sometimes 
contain water of crystallization. 

There is some reason to believe that this acid may prove to be 
tribasic. It will then have the formula CijHjOp + 8HO ; and 
the neutral aconitates will have the formula CisHjOy + 8M0. Fu- 
ture investigations must determine this point. 

ITACONIC ACID. 

Syn. Pjrrocitric Acid; Citricic Acid. (Baup.) Formula, 
C5H2O5 H- HO. Symb. It H- aq. 

This acid is obtained, as above mentioned, in the third stage of 
the distillation of citric acid, or by the action of heat on aconitic 
acid. It is generally accompanied by some of the acid next to be 
described, citraconic acid. It may be obtained from the oily mass 
which distils over, and which commonly crystallizes after a short 
time, by solution in absolute alcohol, and spontaneous evaporation. 
The crystals thus obtained, when dissolved in water, yield by slow 
evaporation large rhomboidal crystals, or octahedrons, soluble in 
17 parts of water at 60°. 

There is some reason to suppose that it may be a bibasic acid, 
in which case its formula will be C^QH.fiQ-\-9,K0. In the produc- 
tion of this acid from aconitic acid, 8 at. hydrated aconitic acid, 
SCQHOa + HO) = C,2HeO,2, yield 2 at, carbonic acid, aCO^, 
and 2 at. itaconic acid, ^(CjHjOj + HO). 

ITACONATES. 

The neutral itaconates have the general formula C5H2O3 + MO, 
or CioH^Oe + 2M0. The acid salts are either aCCgHjOa) + MO 

+ HO, or CioH^Og + TT/^ f . They have been studied by Baup 

and Crasso, to whose memoirs the reader is referred for details. 
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CITRACONIC ACID. 

Syn. Pyrocitric Acid; Citribic Acid. (Baup.) FormiJa, 
C5H2O3 -f HO. Symb. Ct + aq. 

This acid is formed by the action of heat on itaconic acid, with 
which it is isomeric. It is volatile, and thus escapes the further 
action of the heat. It is soluble in less than half its weight of 
water at 60°, and very soluble in alcohol and ether. It is very 
probably also a bibasic acid, having the formula CiQH40e + 2HO ; 
but this must be determined by future researches. 

CITRACONATES. 

Citraconic acid forms neutral and acid salts, which have been 
examined by Crasso. The neutral salts have the general formula 
C5H2O3 + MO, or CioH^Oe 4- 2M0. The acid salts are either 

^(CsHaOg) 4- HO + MO ; or CjoHA + ^ O 1 ' ^^ ^^™® ^^^^ 

ammoniacal gas a peculiar amorphous compound, which does not 
contain the water usually present in ammoniacal salts. The for- 
mula of this compound is ^(CsHgOg) + NHg. When this sub- 
stance is dissolved in water, and the solution evaporated, it yields 
crystals of the acid citraconate of ammonia, ^(CsHaOg) + NH^O 
+ HO. (Crasso.) 

TARTARIC ACID. 

A bibasic acid. Formula of the crystallized acid, C8H4O10 + 
2 aq. ; of the acid in the bibasic salts, C8H4O1Q = T. When tartar- 
emetic dried at ^12° is exposed to a stronger heat, it loses water, 
and there remains in the salt an acid, the formula of which must 
be CgHgOg ; but when this salt is redissolved in water, the origi- 
nal acid is reproduced. (Liebig.) 

Tartaric acid occurs chiefly in the juice of the grape, but also in 
many other fruits and parts of vegetables. It was discovered by 
Scheele, in 1770. It is extracted from the tartar of the grape, 
which is monobasic tartrate of potash, T^KO,HO, by a process 
similar to that employed for citric acid, namely, converting it into 
tartrate of lime, and decomposing this salt by sulphuric acid. It 
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is prepared in large quantity for the calico printers, and for medi- 
cal use, and is sold in a state of purity at a very low price. Its 
medical use is the same as that of citric acid. It cannot be easily 
prepared in the laboratory on a small scale ; but a process is given 
in the Pharmacopoeise for making it. Tartaric acid forms large 
transparent, oblique, rhombic prisms, which have a pleasant sour 
taste. The aqueous solution becomes mouldy by keeping : the 
solution in alcohol, when heated, is converted into monobasic 
tartrate of oxide of ethule. When heated, it melts, and yields 
a variety of new and interesting products. 

It contains the elements of 1 at. hydrated acetic acid, and 2 at. 
hydrated oxalic acid ; or of 2 at. hydrated formic acid, and 1 at. 
anhydrous malic acid. When heated with caustic alkalies, it is 
resolved into acetic and oxalic acids. (Gay-Lussac.) With hyper- 
oxides it yields formic acid, carbonic acid, and tartrate of prot- 
oxide : with diluted sulphuric acid it yields a large quantity of 
formic acid. 

A solution of tartaric acid causes with solutions of caustic lime, 
baryta, and strontia, white precipitates soluble in excess of acid. It 
does not precipitate the salts of these earths. It is used as a test 
for potash and its salts, in which it produces the sparingly soluble 
monobasic tartrate of potash (cream of tartar). The presence of 
tartaric acid in the solutions of many metallic oxides prevents their 
precipitation by alkalies. 

TARTRATES. 

Tartaric acid forms with bases monobasic and bibasic salts. The 
former are acid, and have the formula TjMO,HO : the latter are 
neutral, and their formula is T,2M0. These two eq. of metallic 
oxides may be different : hence a series of salts with two bases, 

T, r\ f • With potash and oxide of antimony, tartaric acid 

forms an important series of compounds. Tartar-emetic contains, 
for 1 eq. tartaric acid, 1 at. = 3 eq. sesquioxide of antimony, and 
1 eq. of potash ; it must therefore be viewed as a salt with excess 
of base. The neutral salt has been lately described. As already 
mentioned, tartar-emetic at 892**, without blackening, gives off 2 
at. water, formed either at the expense of the acid, or by part of 
the oxygen of the sesquioxide, with hydrogen from the acid. In the 
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latter case it must contain either metallic antimony or a suboxide ; 
but, at all events, it no longer belongs, in this state, to the regular 
series of the tartrates. When put into water, however, tartar- 
emetic is reproduced. (Liebig.) At 570° all the tartrates are 
blackened, and yield a peculiar smell, which is characteristic of 
this &mily of salts. 

The soluble neutral tartrates become insoluble or sparingly 
soluble by the addition of tartaric acid ; the insoluble or sparingly 
soluble are rendered soluble by such addition. The tartrates 
insoluble in water are distinguished by their easy and complete 
solubility in caustic potash or ammonia. 

The tartrates are among the most interesting of organic salts. 
Our knowledge of them, however, is very far from complete, and 
a careful study of them will certainly lead to very important 
results in regard to the true theory of all such combinations. 

Tartrate of Ammonia, —a. Neutral or bibasic. Tj^AdHjO -\- 
^aq. (Dulk.) This salt is crystallizable. Its solution, when 
evaporated, loses ammonia and yields the acid salt. b. Acid or 
monobasic. TjAdHgOjaq. (Dulk.) This is a crystalline powder, 
very soluble in hot, sparingly soluble in cold water. It corresponds 
to cream of tartar. 

Tartrate of Oxide of Ethule. — The neutral or bibasic salt is 
not yet known. The acid salt, T^AeOjaq. (Guerin Varry), is 
produced by heating tartaric acid with alcohol ; and may be ob- 
tained pure by decomposing the double tartrate of baryta and 
ethule with sulphuric acid, and evaporating the filtered solution in 
vacuo. It crystallizes in elongated rhombic prisms, and is very 
soluble in water and alcohol, insoluble in ether. It is decomposied 
by heat, with the usual smell of the tartrates. This compound 
was formerly called tartrovinic acid ; it forms with bases double 
salts, formerly called tartrovinates. It dissolves zinc and iron with 
disengagement of hydrogen. 

Tartrate of Ammonia and Ethule. — TjAeOjAdHjO. — This 
salt forms a shining, silky, crystalline and fibrous mass. (Gu6rin 
Varry.) 

Tartrate of Oocide of Meihule. The acid salt, T,MeO,aq. is 

formed in the same way as the tartrovinic acid. It crystallizes in 
fine needles, and forms a series of double salts. (Gu6rin Varry.) 

Tartrate of Potash. — a. Acid or monobasic. Syn. Tartar ; Cream 
of Tartar ; Bitartrate of potash. Formula, T,KO,HO, — Thisim- 
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portant salt occurs in many vegetable juices, but in laigest quantity 
in the juice of the grape ; from which it separates in a more or 
less coloured crystalline crust, as soon as the sugar by fermenta- 
tion has been converted into alcohol, in which it is insoluble. It 
is purified by recrystallization, when it forms, on cooling, a crust 
on the surface of the liquid : hence the name Cremor tartari. 

It forms hard, opaque, oblique, rhombic prisms, or irregular six- 
sided prisms. It feels gritty between the teeth, has a faint acid 
taste, and is permanent in the air. When heated, it melts, froths, 
gives out the peculiar smell of the heated tartrates, and yields by 
distillation a solid acid, one of the pyrogenous tartaric acids. It 
is soluble in 18 parts of boiling water, and in 184 parts at 70**. 
From its insolubility, it is always formed when an excess of tar- 
taric acid is brought into contact with a salt of potash. Stirring 
with a glass rod, and the addition of alcohol, hasten its separation. 
Potash may thus be detected and distinguished from soda. 

The purest carbonate of potash (salt of tartar) is obtained by 
igniting cream of tartar. The residue is the well-known black 
flux, a mixture of charcoal with carbonate of potash ; from which 
water dissolves the carbonate. If made with raw tartar, which con- 
tains nitrogen, it is contaminated by cyanide of potassium. When 
2 parts of nitre and 1 of tartar are ignited, white flux is left, which 
is nothing else than carbonate of potash ; all the charcoal having 
been oxidized by the nitric acid. Tartar always contains a little 
tartrate of lime. 

Cream of tartar is much used in dyeing, from its power of dis- 
solving metallic oxides. In medicine it is very often used as a 
laxative and diuretic, and to form an acidulous drink in febrile 
diseases. 

b. Neutral or bibasic— This salt, the soluble tartar of the phar- 
macopoeia, T,SKO, is easily obtained by adding cream of tartar 
to a hot solution of carbonate of potash till all effervescence ceases, 
and the liquid is quite neutral. It forms transparent right rhom* 
bic prisms, and has a mild saline, somewhat bitter taste. It is 
used as a laxative. 

Tartrate of Potash and Ammonia. — Syn. Ammoniated Tartar. 
Formula, T,K0,AdH20, + aq. It is formed by neutralizing 
cream of tartar with ammonia, and crystallizing the solution. 
It forms right rhombic prisms, large and transparent; and has 
a cooling, pungent, saline taste. It is very soluble in water ; and 
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the solution vrlien heated loses ammonia, and deposits cream of 
tartar. It is decomposed by acids in the same way, tartar being 
deposited. This salt is used in medicine as a laxative, especially 
on the continent. 

Tartrate of Potash and Ethule. — T>KO,AeO, 4- aq. (Gu^rin 
Varry.) Obtained by adding a slight excess of sulphate of potash 
to the double salt of baryta and ethule, and evaporating the filtered 
solution. It crystallizes in the same form as the preceding salt, 
being isomorphous with it. Its solution, when heated, is resolved 
into cream of tartar and alcohol. Guerin Varry mentions another 
compound of the same ingredients, which has an alkaline reaction, 
and crystallizes in eight-sided prisms. Its composition is un- 
known. 

Tartrate of Potash and M ethule, — T,KO,MeO -haq. (Guerin 
Varry.) A crystallizable salt, analogous in its mode of formation 
and in its properties to the foregoing. 

Tartrate of Potash and Boracic Acid. — ^T9KO,B08. (Duflos.) 
Syn. Soluble Tartar of the French Pharmacopoeia. Cream of tartar 
and boracic acid, in the proportion of their equivalents, are kept 
in contact with warm water till all is dissolved, and the liquid 
then evaporated to dryness. It forms a white amorphous mass, of 
a sour taste, very soluble in water, insoluble in alcohol. Soubeiran 
recommends 4 parts of tartar to 1 of boracic acid, which yields 
3T + 3K0 + BO3. The salt of Duflos is exactly analogous to 
tartar-emetic ; that of Soubeiran to the neutral tartrate of potash 
and antimony lately discovered. The first salt dissolves a large 
quantity of cream of tartar, which by evaporation it deposits in 
crystals. (Duflos.) The solution must not be boiled, otherwise 
some boracic acid is dissipated. This compound is used as a lax- 
ative on the Continent. 

Tartrate of Potash and Arsenious Acid. — According to Mit- 
scherlich, this compound may be formed, and is analogous in form 
and composition to tartar-emetic. Probable formula, T,K0,As20j. 
The mode of preparing it has not been described. 

Tartrate of Soda. — a. Acid or monobasic. T,NaO,HO +^q. 
(Bucholz.) Formed by adding tartaric acid to the neutral salt. 
Six-sided prisms, very sour to the taste, very soluble in water. It 
is used to prepare chlorate of soda from chlorate of potash. When 
mixed with the latter, eq. to eq., cream of tartar and chlorate of 
soda are produced. — b. Neutral or bibasic. Tj^NaO, -h 4aq. 
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Formed by neutralizing tartaric acid with soda. Transparent 
prisms, permanent in the air, very soluble. 

Seidlitz Powders, or Carbonated Effervescing Cheltenham Salts, 
are an intimate mixture of equal parts of tartaric acid and bicar- 
bonate of soda, in atomic proportions. To these is often added a 
portion of sulphate of magnesia, or of the tartrate of potash and 
soda (Rochelle Salt). The powders must be well dried ; otherwise 
they slowly act on each other, and lose the effervescing quality. 

Tartrate of Soda and Ethule. — ^T,NaO,AeO, -f 2aq. (Guerin 
Varry.) White rhomboidal tables. 

Tartrate of Potash and Soda. — T,KO,NaO + lOaq. (Schulze.) 
Syn. Rochelle Salt ; Salt of Seignette. Formed by neutralizing 
carbonate of soda with cream of tartar. It forms very large trans- 
parent right rhombic, or six, eight, and ten-sided prisms. It has 
a very mild, hardly saline taste ; and may be given in soup or 
beef-tea in a sufficient dose, without the knowledge of the patient, 
from its comparative tastelessness. It acts as a laxative, like neutral 
salts in general. 

This salt forms with the tartrate of potash and boracic acid of 
Duflos a double salt (f,KO,NaO) + (T,KO,BO^). (Duflos.) 
Syn. Boracic Tartar; Tartarized Borax. One part of borax (biborate 
of soda) and 3 of cream of tartar are dissolved in 20 of water. 
The clear portion is evaporated to dryness, and yields a gummy 
mass, of an acidulous saline taste, deliquescing in the air. The 
powder, if not very long and carefully dried, and stirred in the 
drying, has the inconvenience of caking in the bottles in which it 
is kept, so that it cannot be extracted without breaking them. It 
is much used in medicine on the Continent. 

Tartrate ofLithia. — a. Monobasic, T>LO,HO + Saq. (Dulk.) 
6. Bibasic, Tj^LO. (Dulk.) The former is crystallizable and very 
soluble ; the latter forms a crystalline mass. Tartrate of lithia and 
potash, T,KO,LO, + ^q. and of lithia and soda, T)NaO,LO + 4aq. 
are both soluble and crystallizable. (Dulk.) 

Tartrate of Baryta. — T,2BaO, + 2aq. (Dulk.) A white pow- 
der, insoluble in water, soluble in tartaric acid. 

Tartrate of Baryta and -EMw/e.— T,BaO,AeO, +2aq. (Guenn 
Varry.) A solution of tartaric acid in alcohol is first heated, then 
mixed with water, and neutralized with carbonate of baryta. The 
filtered liquid yields, by spontaneous evaporation, crystals of this 
salt, which are soluble in water. 
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Tartrate of Baryta and Methule. — T,BaO,MeO, +aq. (Dumas 
and P61igot.) Analogous to the foregoing salt. It is very soluble 
in water and crystallizable. 

Tartrate of Baryta and Potash^ T,BaO,KO,+2aq. and Tar-- 
trate of Baryta and Soda, TjBaO,NaO +2aq. are both sparingly 
soluble crystalline powders. (Dulk.) 

Tartrate of Strontia. — T»2SrO + 8aq. (Dulk.) Small foui^ 
sided tabular crystals, which lose all their water by a gentle heat 
or in vacuo. 

With strontia, tartaric acid forms a series of double salts, ana- 
logous to those above described with baryta. 

Tartrate of Lime. — T,2CaO. This salt, which is formed by 
neutralizing with the atomic proportion of chalk a boiling solution 
of cream of tartar, is a white insoluble powder. The filtered liquid, 
which contains half the tartaric acid in the form of neutral tar- 
trate of potash, yields a quantity of tartrate of lime equal to the 
first, by the addition of an atom of chloride of calcium. It is from 
this salt that all the tartaric acid of commerce is obtained^ as for- 
merly mentioned. 

Of the remaining tartrates, the most important are those of an- 
timony and potash, and of iron and potash, both of which are used 
in medicine. These will be described ; but, in regard to the nu- 
merous tartrates and double tartrates which might be enumerated, 
the salts already described will give a sufficiently clear idea of their 
constitution, while we cannot here affi)rd space for a detiuled ac- 
count of them. 

Tartrate of Potash and Sesquioxide of Antimony. ^^. With ex- 
cess of base. Formula, T,Ko,Sb203 +2aq. Syn. Tartar-emetic ; 
Tartarized Antimony. This very important compound is prepared by 
boiling cream of tartar and finely powdered sesquioxide of antimony, 
in atomic proportions, with water till all is dissolved. The solu- 
tion when evaporated deposits octohedral crystals of tartar-emetic. 
Minute directions for its preparation are given in the Pharmacopoeise 
and Dispensatories. Its uses in medicine as an emetic, pui^tive, 
diaphoretic, sedative, febrifuge, and counter-irritant, are so well 
known and important, that it may be truly said that no mineral 
remedy, except perhaps calomel, is more useful to the practitioner. 

When heated to ^12°, the crystals become anhydrous. Their 
formula then is C8H40io,KO,Sb203. But, when heated to 480**, 
they give off, as already mentioned, 2 at. of water, the elements of 
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vfhich must be derived either from the acid alone, or from the 
sesquioxide and acid together. Their formula then is CgHjOg, 
KO,Sb203, or CgHjOiojKCSbgO ; or they may contain antimony 
in the metallic state. It might be supposed that tartaric acid, as 
it exists in tartrate of silver and tartar-emetic at 212**, C8H4O1Q, con- 
tains 2 at. of water ready formed, and that the anhydrous acid is 
really CgHjOg. In favour of this view might be adduced the fiict 
that tartar-emetic heated to 480^, when dissolved in water, is 
restored to its original composition. But not only is it contrary 
to all analogy to suppose the existence of water ready formed in a 
salt of silver heated to 212®, such salts being without exception 
anhydrous ; but, moreover, this assumption would lead to many 
other most improbable conclusions. For the present, therefore, we 
must consider the tartaric acid, anhydrous, to be CgH40io ; and we 
must ascribe the appearance of the 2 at. of water when dry tartar- 
emetic is heated to 480°, to a partial reduction of the oxide of an- 
timony by the hydrogen of the acid. Liebig considers that a part 
of the antimony is actually reduced to the metallic state ; as above 
explained, it seems to me possible that a dinoxide may be formed, 
Sb20, which must then be combined with an acid, the formula of 
which will be CgHaOiQ. Such a dinoxide of antimony, however, 
is unknown. In every view the change produced on tartar-emetic 
at 480'' is most interesting. It occurs in no other salt save tartar- 
emetic, and hence must be owing to the presence in that salt of 
an oxide containing 2 at. oxygen more than the usual bases (prot- 
oxides). Possibly the same change may occur in the compounds 
of cream of tartar with boracic acid, arsenious acid, and peroxide of 
iron ; all of which, like sesquioxide of antimony, contain 8 at. 
oxygen. For a fiill discussion of this subject I refer to Liebig's 
paper. (Ann. der Pharm. xxvi. 118.) 

b. Neutral Tartrate of Antimony and Potash, — This salt, 
STjSKOjSbgOg, is found in the mother-liquid of the crystalliza- 
tion of tartar-emetic, especially where an excess of cream of tartar 
has been used. It forms small crystals grouped together, but 
crystallizes with difficulty. By boiling its solution with sesqui- 
oxide of antimony, it may be entirely crystallized as tartar-eme- 
tic. Hence the importance of having a slight excess of oxide of 
antimony in the preparation of tartar-emetic. Other salts of tar- 
taric acid, antimony, and potash are found in the same mother- 
liquid, the nature of which is not yet sufficiently known. 
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Tartrate of Potash and Sesquioxide of Iron (peroxide of iron). 
^Syn. Tartarized Iron. This salt is formed, according to the Phar- 
macopoQise, by exposing for a long time to the air a mixture of 
cream of tartar and iron filings moistened with water. A soluble 
brown compound is gradually formed, the iron absorbing oxygen 
from the atmosphere. The solution, when evaporated, leaves an 
amorphous gummy mass, which dissolves readily in water. It 
might probably be easily formed by digesting cream of tartar with 
hydrated peroxide of iron. Its probable formula is TjKOjFcjOj : 
but a neutral compound probably exists, 8T»3KO,Pe,Oj. The 
tartarized iron is used in medicine. 

Tartrate of Lead. — A white insoluble powder, which, when 
heated in close vessels, leaves a mixture of carbon and metallic lead 
in a state of minute division, which takes fire spontaneously when 
exposed to the air. Formula, T,2PbO. 

Tartrate of Silver. — T,2AgO. This salt is soluble in hot 
water, and on cooling crystallizes in silvery scales. 

ACTION OF HEAT ON TARTARIC ACID. 

This subject has been most ably and minutely investigated by 
Fremy. (Ann. der Pharm. xxix. 142.) When tartaric acid is heat- 
ed, with certain precautions, it melts, and gives off one-fourth of its 
water. It is now deliquescent, and forms soluble salts with lime 
and baryta, by which means it may be purified firom tartaric acid. 
This new acid, to which Fremy has given the name of Tartraltc 
Acidy has, in its salts, the same composition as tartaric acid, but neu- 
tralizes one-fourth less base. It differs from tartaric acid, therefore, 
as pyrophosphoric acid differs from phosphoric acid. The general 
formula of its salts is, C8H4O10 + 1|^M0 ; or, more correctly, 
CieHsOao + 3M0. 

Tartralate of Lime, — CigHgOgojSCaO + 3aq. The solution of 
this salt undergoes spontaneous decomposition, yielding tartrate of 
lime and free tartaric acid. Thus, 2 at. tartralate of lime, ^(Cjg 
HgOacBCaO + 3aq.) yield 8 at. tartrate of lime, 8(C8H40,o,2CaO, 
H-Saq.) and 1 at. tartaric acid, CgH^Ojo, ^tich takes up 2 at. 
water from the liquid. 

The tartralate of baryta is analogous to that of lime. Tartralate 
of lead is anhydrous, CigHgOjojSPbO. 

When tartralic acid is still further heated, it loses more water. 
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and is converted into tartrelic acid, C8H4O10 + HO: this is still 
the composition of tartaric acid, but with only half the neutralizing 
power. It corresponds to metaphosphoric acid. Its salts have the 
general formula, C8H40,o,MO. 

The tartrelates of lead, baryta, and lime are anhydrous. In 
contact with water, the tartrelic acid, as well as the tartralic, passes 
into tartaric acid, just as happens with the modified phosphoric 
acids. The tartrelates also, in contact with water, yield tartrates 
and free tartaric acid ; for 2 at. tartrelate of a protoxide, 2(C^Il^ 
Oio,MO) give 1 at. tartrate, C8H40io,2MO, and 1 at. tartaric 
acid, G^HfiiQ, which takes 2 at. water from the liquid. 

When the heat is raised still further, tartaric, tartralic, and tar- 
trelic acids all lose the whole of their water, and leave anhydrous 
tartaric acid, C8H40iQ. This is the first instance of an organic 
acid in the anhydrous state ; but it has lost all acid properties, 
and is quite insoluble in water. This is a powerful argument in 
favour of the view, according to which all acids are compounds of 
hydrogen. This inert, insoluble anhydrous tartaric acid, when 
left long in contact with water, takes up the elements of that fluid 
by degrees, and passes through the stages of tartrelic and tartralic 
acids into tartaric acid. According to the hypothesis just alluded to, 
tartrelic acid will be C8H4O,, + H ; tartralic acid, C18H8O23 + Hj ; 
and tartaric acid, C8H40,2 4- Hg. 

By a still higher temperature tartaric acid is decomposed, yield- 
ing carbonic acid, water, and two pyrogenous acids, one of which is 
crystalline, the other oily. The crystalline acid is C5H3O3 + aq. 
(Pelouze) : the oily acid is CgHgO^ -f aq. (Berzelius). They are 
formed from £ at. tartrelic acid, according to the following equation : 

2(C3H^O,o,HO)=0C^H3O3,HO)4-(C«H,O^,HO)+6CO,+2HO. 

For details concerning these acids, I must refer to the original me- 
moirs in the foreign journals. 

KAC£MIC ACID. 

Syn. Paratartaric Acid ; Acid of the Vosges. Formula, C8H4 
Ojo + £H0. Symb. R. This remarkable acid, which in its paral- 
lelism with tartaric acid, affords the most complete and curious ex- 
ample of isomerism, is found in the juice of the grape, particularly 
in the district of the Vosges, replacing the ordinary tartaric acid. 
Its composition, as far as our present knowledge extends^ is not 
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only the same in 100 parts as that of tartaric acid ; but its atomic 
weight, derived from the analyses of its salts, appears to be exactly 
the same. Moreover, its salts, although quite distinct &om those 
of tartaric acid, are singularly analogous to them. It cannot be 
doubted, however, that there must be a real difference in the con- 
stit\ition of these acids, and that this will be discovered as soon 
as the salts of both acids have been submitted to a minute and 
thorough investigation. There is nothing yet known, for example, 
inconsistent with the supposition that racemic acid may be an add 
requiring 4 atoms of base to form neutral salts, in which case its 
formula would be CjeHgOjo + 4H0. 

The crystallized racemic acid contains more water than crjrstal- 
lized tartaric acid. Its formula is C8H40,o,^HO + 2aq. The two 
atoms of water of crystallization are expelled by a heat of about 800% 
and the remaining acid has the composition of crystaUized tartaric 
acid. It might be supposed to be anhydrous, and therefore to 
differ in composition from tartaric acid, were it not that, in combin- 
ing with bases, with oxide of silver for example, it loses the two 
atoms of water remaining, which are replaced by metallic oxide. 

The action of heat on racemic acid has been studied by Fremy 
and Berzelius. The former has shown that it yields three com- 
pounds, corresponding to those from tartaric acid, and quite analo- 
gous to them. These he calls paratartralic, paratartrelic, and an- 
hydrous racemic acid ; the composition of which is the same as that 
of the corresponding products from tartaric acid. Berzelius has 
found that racemic acid, when distilled, yields the same products 
as tartaric acid, namely, carbonic acid, water, and the two pyrotar- 
taric acids formerly described. 

With potash and sesquioxide of antimony, racemic acid yields a 
tartar-emetic, distinct in properties from that made with tartaric 
acid, but identical with it in composition; R,KO,Sb203. This 
salt, when heated to 480° or 500°, undergoes the same curious 
change as tartar-emetic, giving off 2 at. of water. 

The action of racemic acid on alcohol corresponds to that of 
tartaric acid ; and in general its tendency to form salts with two 
different bases is the same as that of tartaric acid. 

These two acids are distinguished by the more sparing solubility 
of racemic acid, by the force with which it retains its combined 
water, and by the crystalline form of their salts, which frequently 
differ in the amount of water of crystallization. 
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MALIC ACID. 

Formula, C3H4O8 + 2H0. (Liebig.) Symb. M. A bibasic 
acid. This acid is found in many fruits, particularly in the apple. 
It is most easily obtained from the fruit of sorbus aucuparia (moun- 
tain ash or rowan tree) immediately after it has turned red, but 
while still unripe. The juice is heated to coagulate some albumi- 
nous matter, and filtered. It is then nearly neutralized with am- 
monia, and to 7S parts of juice a solution of 1 part of acetate of 
lead is added. This causes a precipitate of tartrate and citrate 
of lead. The filtered liquid is now precipitated by nitrate of lead, 
and the precipitate allowed to stand in the liquid till it has changed 
into amass of crystals. This is well washed, dried, powdered, sus- 
pended in water, and decomposed by a current of sulphuretted 
hydrogen. The filtered liquid is neutralized with ammonia, and 
decolorized by digestion with animal charcoal. The colourless 
malate of ammonia is again precipitated by nitrate of lead, and the 
malate of lead decomposed by sulphuretted hydrogen. By this 
process Winkler obtained from 296 ounces of juice 19 ounces of 
pure malate of lead, or upwards of 6 ounces of crystallized malic 
acid. Liebig recommends converting the first impiu^ solution of 
the acid into acid malate of ammonia by neutralizing one half, and 
mixing it with the other. This salt forms large crystals, and is 
easily obtained colourless. 

Malic acid is exceedingly soluble in water, and crystallizes with 
more difficulty than the foregoing acids. It has a very pleasant 
acid taste. When exposed to heat, it yields two pyrogenous acids, 
called by Pelouze, who examined them, maleic and paramaleic 
acids. They are isomeric, and appear to be identical with two 
acids found in the vegetable kingdom, namely, equisetic (aconitic ?) 
acid, and fumaric acid. 

MALATES. 

Malic acid, like tartaric acid, forms neutral or bibasic salts, acid 
or monobasic salts, and a third class, which are neutral and bibasic, 
but contain two difibrent bases. 

Malate of Ammonia. — The acid or monobasic salt has been de- 
scribed by Liebig. It forms large transparent crystals, resembling 
white sugar-candy. It is used in the preparation of pure malic acid 
and malates. Formula, M,AdHjO,HO. 
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Malale of Lime. — a. Bibasic. This suit is formed when malic 
acid is neutralized by lime water. It is soluble in water when 
formed, and continues so if dried at the ordinary temperature- 
Formula, MiSCaO + 2aq. If its solution be boiled, the salt loses 
1 at. of water, and becomes Mi^CaO + aq., which is an insoluble 
salt. The last atom of water is expelled by a heat of nearly 400", 
and the anhydrous salt is left, M,2CaO. (Richardson and Merz- 
dorf.) — b. Monobasic. This salt is obtained by digesting, in the 
cold, malic acid with chalk, and gently evaporating the solution, 
when the acid malate crystallizes. When heated to S90°, it is 
M,CaO,HO. If heated only to 212°, it is M,CaO,HO +4aq. 
If dried at the ordinary temperature, M,CaO,HO +8aq. 

Malale of Baryta. — When a solution of carbonate of baryta is 
evaporated in vacuo, it yields soluble crystals which are hydrated 
bibasic malate of baryta, M,2BaO+2aq. If evaporated at a 
higher temperature, it deposits a crystalline powder, almost insolu- 
ble, which is the anhydrous salt, M,2BaO. 

Malate of Lead. — The malic acid lias a great tendency to form 
with lead the monobasic or acid salt. This was first obtained by 
Donovan, who thought tlat it contained a new acid, sorbic acid. 
It forms shining silvery scales. Formula, M,I'bO,HO. 

Malale of Copper. — According to Richardson and Merzdorf, 
this salt is a bibasic salt with excess of base. It occurs in three 
forms: M,2CuO,CuO + 6aq. ; M,2CuO,CuO + 5aq. ; and M. 
2CuO,CuO + 4aq. The two former are soluble in water : when 
their solutions are heated, the latter salt is deposited, which is in- 
soluble. 

The malates in general are little tnown, and require a minute 
investigation. The composition of the malate of copper differs 
remarkably feom that of the other salts, and renders it probable 
that the true constitution of malic acid is yet unknown. 



ACTION OF HEAT ON MALIC ACID. 

When crystallized malic acid is kept for a long time at a tempe- 
rature a little higher than its melting point, it loses water, and is 
entirely converted into fumaric or paramalcic acid. But if it be 
distilled by a very quick fire, it yields a volatile product, which is 
equiaetic or maleic acid, while fumaric acid remains in the retort. 
These two acids have different properties, but the same composi- 
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lion, in 100 parts, but differ in atomic weight, one being bibasic, 
and the other monobasic. 



MALEIC ACID. 

A bibasic acid. Formula, CgHjOg + 2H0. Symbol, Ma« 
When malic acid is distilled with a quick fire, maleic acid passes 
over with water, in which it is dissolved, and from which it is 
separated in crystals by evaporation. The crystals are plates, or 
oblique rhombic prisms, very soluble in water, alcohol, and ether. 
These solutions have a taste at first sour, afterwards nauseous and 
metallic. It is distinguished from aconitic acid, which has the 
sanie composition, by the action of heat, which resolves it into 
water and anhydrous maleic acid. If kept for a long time melted 
at a lower temperature, it gradually passes, like malic acid, into a 
crystalline mass of fumaric acid. Maleic acid differs from malic 
acid in containing 2 at. of water less, which sufficiently explains its 
formation. It was formerly supposed to be identical with equisetic 
or aconitic acid ; but, from the recent researches of Liebig, maleic 
acid appears to be decidedly bibasic. 

The salts of maleic acid are insoluble, or sparingly soluble. The 
maleate of lead is Ma,2PbO + 6aq. (Pelouze.) There are two 
maleates of silver: neutral and acid. The former is Ma>2AgO; 



the latter Ma» jtq [■ (Liebig.) 



FUMARIC ACID. 

A monobasic acid. Formula, C4HOS + HO. Symb. Fu. Dis- 
covered as a product of the action of heat on malic acid by Las- 
saigne, and analyzed by Pelouze; in the Fumaria officinalis by 
Winkler, and in Iceland moss by Schoedler. Demaryay first 
proved the identity of the acid of the frimaria with that derived 
from malic acid. 

It is best obtained by keeping malic acid for a long time heated 
a few degrees beyond its melting point, when the liquid is gra- 
dually converted into a crystalline mass, from which cold water 
removes any unchanged malic acid. It is also obtained by heating 
maleic acid in the same way; and some salts of malic, acid, when 
heated, are converted into salts of fumaric acid. 

4 B 
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ACIDS OF UNKNOWN CONSTITUTION. 



From the juice of Fumaria oEGdnalis it is precipitated as fuma- 
rate of lead by the addition of acetate of lead. The same salt may 
be obtained from Iceland moss by digesting it with milk of lin 
and adding acetate of lead to the filtered solution. The furoarate 
of lead is then suspended in water, and decomposed by sulphuretted 
hydrogen. The impure crystals first obtained ore purified by solu- 
tion in hot nitric acid, which on cooling deposits the fumaric acid 
pure and colourless. 

Fumaric acid forms fine soft micaceous scales, soluble in 200 
parts of cold water, more soluble in hot water and in alcohol. 
When heated a small portion soblimes, but the greater part is 
decomposed. 

Fumaramide. — C^HOj + Ad. (Hagen.) Formed by the action 
of aqua aminonise on fumaratc of oxide of ethule. A snow-white 
po*der, which is slowly dissolved by long boiling in water. By 
acids and alkalies it is resolved, like other amides, the elements of 
water being assimilated, into ammonia and the acid. 

The salts of fumaric acid are for the most part crystal I izable. It 
forms with ammonia an acid salt in long prisms, SFu.AdH^OjHO. 
Its salts with the oxides of lead and silver have exactly the same 
composition in 100 parts as the corresponding salts of maleic acid. 
Their formula are C^H03,PbO, and C,H03,AgO. 



ACIDS OF UNKNOWN CONSTITUTION. 

The acids now to be described are those whose composition i 
known, but in regard to which it is uncertain whether they are t 
be considered as monobasic or polybaaic. 



KINIC ACID. 

Formula of the acid in the basic kinale of lead . CjII^Ofl 

„ ia llie basic kinate of copper C,H,0^ 

of tlie cryalalliied acid . . . C,H,Og 

Kinic acid was discovered in cinchona bark by Hoffmann in 
lT90i It has since been studied by Henry and Plisson, Baup, 
Liebig, and Woskresensky, the latter of whom ascertained its true 
composition. 

It is obtained from kinate of lime (a salt which occurs in the 
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manu&cture of sulphate of quinine) by the action of diluted sul- 
phuric acid. The sulphate of lime being separated by filtration, 
the filtered liquid is evaporated to the consistence of syrup, and 
set aside, ivhen it gradually deposits large crystals of kinic acid, 
which are oblique rhombic prisms, very similar in appearance to 
tartaric acid. They are permanent in the air, soluble in 2 parts of 
water, also in alcohol. Pelletier and Caventon obtained by the 
distillation of kinic acid a volatile crystalline acid, distinguished by 
the property of causing a fine green precipitate in salts of peroxide 
of iron. Tlus acid has not been further examined. 

SALTS OF KINIC ACID. 

Kinic acid difiers firom all other oiganic acids in its relation to 
bases. According to Woskresensky, it forms four series of salts. 
In one of its compounds with oxide of lead, 2 at. of basic water are 
replaced by 2 at. of oxide of lead. This would give for the salt 
CyHA + 2PbO ; and for the acid C7H4O4 + 2H0. But in the 
salt called basic kinate of copper, the formula is C7H4O4 + 

TT^ > . Again, the kinate of lime, dried at 248°, contains for 

1 eq. of lime a quantity of acid represented by Ci4HnO,i ; and the 
kinate of silver is also Ci4Hi,Oii,AgO. It is possible that in 
combining with a larger proportion of the oxides of lead and copper 
than is equivalent to the base in the salts of lime and silver, the 
acid has undergone a modification analogous to that which occurs 
in metaphosphoric or pyrophosphoric acids when they are ignited 
with excess of base. All thekinates, except that of lead,'are soluble. 
When we compare kinic acid with gallic acid C7H3O5, we find that 
the number of equivalents is the same, but that gallic acid contains 
1 eq. of oxygen less, and 1 eq. of hydrogen more. Both acids, 
according to Berzelius, occur in the bark and soft wood of many 
trees. Kinate of lime occurs ready formed in all kinds of cinchona 
bark ; and when the acidulated infusion is precipitated with excess 
of lime to obtain quinine or cinchonine, the kinate of lime remains 
dissolved, and crystallizes when the solution is concentrated to a 
syrup and set aside. 

The other kinates are little known, and the anomalies in their 
composition have been mentioned above. 

4 B 2 



PRODUCTS OP THE DECOMPOSITION OF KINIC ACID. 

Kittoyle. — When a kinale is distilled, there is obtained, along 
■with the vapour of water, a sublimate in goMen-jellow needles. 
It is obtained easily by heating kinic acid with peroxide of manganese 
and sulphuric acid. This substance is Kinoyle. It is accompanied 
by fonnic acid and other products. (Woskrcaensky.) 

Kinoyle is volatile, and distils unchanged in close vessels. Tn 
water it is sparingly soluble; but very soluble in alcohol and ether. 
lis composition is unknown. 

VOLATILE ACIDS OF BUTTER. 

In the butter of the cow and goat three volatile acids occur in 
small quantity, besides the fatty matter which constitutes the chief 
part of the butter. Chevreul, who discovered these acids, has 
named them Butyric, Capric, and Caproic acids. 

When butter is saponified by boiling with caustic alkalies, and 
the resulting soap is decomposed by an escess of tartaric acid, cer- 
tain fatty acids, insoluble in water, are separated. The water re- 
tains in solution the tartrate of the alkali, oxide of glycerule, and 
the volatile acids now under consideration. The solution when 
distilled yields a product containing the three acids. It is neu- 
tralized by hydrate of baryta, and evaporated. The first crystals 
which are deposited are caprate of baryta ; those which crystallize 
last of all are butyrate of baryta. The intermediate portions are 
principjilly caproate of baryta. Butyrate of baryta is soluble in 
2| parts, caproate of baryta in 12^ parts, and caprate of baryta in 
900 parts of water. Hence by careful management these three 
salts may be separated and purified. (Chevreul.) 

Hydrated butyric acid is soluble in water in all proportions. 
The other acids are sparingly soluble, and appear as oils when their 
salts are deconnpoaed by stronger acids. 

BUTYRIC ACID. 

FDrmula of the anhydrous acid . . . C^H^O^? (Chevreul.) 
,, hydrated acid . . . CgHjOj+HOP 

Butyrate of baryta is dissolved in water, and the solution decom- 
posed by sulphuric acid, care being taken to leave a little of the salt 
nndccomposed. The filtered liquid when distilled yields a solu- 
tion of pure butyric acid, from which the water is removed by chlo- 
ride of calcium. The dried butyric acid appears as a clear oily 
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liquid, with an acid smell of rancid butter, and a pungent acid 
taste. Sp. g. 0*9765 at 77°. It continues liquid at 16% evaporates 
in the air, and boils above 212°. 

SALTS OF BUTYRIC ACID. 

All the butyrates have a slight smell of the acid. The butyrate 
of oxide of ethule, however, has a penetrating ethereal smell, like 
that of old cheese. It is obtained by distilling hydrated butyric 
acid with alcohol and a little sulphuric acid. (Simon.) It is em- 
ployed to give to potatoe and grain spirits a flavour like that of 
rum. Butyrate of oxide cof glycerule is an ingredient, in small 
quantity, of Jbutter. The. butyrates of baryta, lime, and lead, are 
soluble in water, and crystallizable. 

According to Lowig, the butjrric acid in the dry salt of baryta is 
CyHgOg ; and when the salt is distilled, carbonate of baryta is left, 
and a volatile liquid passes over, which he calls butyrone, and which 
is CfiHsO = CyHfiOj - COg. (Kraus.) ? The composition of this 
acid cannot be considered as determined. 

CAPROIC ACID. 

It is obtained from the salt of baryta by adding sulphuric acid to 
its solution, when the caproic acid rises to the surface as an oil, 
which is dried by chloride of calcium. It is a clear oily liquid, 
having a sour smell like that of sweat, and a taste at first pungent, 
afterwards sweetish, like that of apples. Sp.g. 0*922. Liquid at 
16°; evaporates in the air; boils at a temperature higher than 212% 
It is soluble in 96 parts of water, and miscible with alcohol, ether, 
and oils. ChevreuFs analysis would indicate the formula CjaH^Oj 
for the anhydrous acid. 

The salts of caproic acid are soluble in water, and have the smell 
of the acid. The caproate of oxide of glycerule exists in butter. 

CAPRIC ACID. 

Formula of the acid in the caprate of lead, C18H14O8. (Chevreul.) 
It is obtained from the salt of baryta in the same way as the pre- 
ceding acid. At 65** it resembles the caproic acid ; but at 44° it 
crystallizes when shaken in fine needles, which remain solid at 60^, 
and melt entirely when warmed beyond that point. It has a smell 
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like tliat of capioic acid, but more like that of tlie goat. It ia 
soluble in vtiter and alcohol. 

The caprate of baryta is crystallizabie, and requires 200 parts of 
water for its solution. When a solution of this salt is kept in a 
stoppercil bottle, carbonate of baryta is deposited, and the liquid 
acquires the smell of the cheese of Roquefort. 

Regarding as radical for capric and caproic acid the hyduret of 
carbon Cj^Hu, the numbers from the analysts of caproic acid 

corrcBponds to C24H1J + O^ 

capric acid .... 02(11,3 + 0,. 

HIRCIC ACID. 

Composition unknown. DiscoTered by Chcvreul in the fat of 
the goat. It is prepared from the fat just as the three preceding 
acids are from butter, and resembles them in appearance, being an 
oily liquid with an offensive smell of goats. 

PHOCENIC ACID. 

Syn. Delphinic acid. (Chcvreul.) 

FanauU oTthe acid in the phocenale of lead C,,,!! ,0^. 

„ of the hjdrated acid C^lfjOj+HO. 

Discovered by Chevreul in train oil, and in the berries of Vibur- 
num opulus. It is prepared from whale or seal oil exactly in the 
same way as the volatile acids from butter'. It forms, when pure, 
a mobile oily fluid, which has a strong acid smell of train oil and 
rancid butter, and a pungent acid taste. It is very similar to the 
preceding acids. It dissolves in 18 parts of water ; and the solution, 
when kept, undergoes decomposition, acquiring the smell of greased 
leather. Like the preceding acids it is volatile. 

The salts of phocenic acid are soluble and cry stall izablc. 
Phocenate of baryta forms very large and regular crystals. In 
vacuo over sulphuric acid it loses 2"il p. c. water, and the dry 
salt contains 44 p. c. baryta, 

SABADILLIC ACID. 

Syn. Cevadic Acid. Discovered by Pelletier and Caventon 
in the seeds of Veratrium Sabadilla. From the oil wliicli ether 
extracts from the seeds, the sabadillate of baryta is obtained i 
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the same way as butjrrate of baryta from butter. When this 
salt is heated with concentrated phosphoric acid, the sabadillic 
acid sublimes in white needles, which are fusible at 70% and have 
the smell of butyric acid. Its composition is unknown. 

CROTONIC ACID. 

Syn. latrophic Acid. Discovered by Pelletier and Caventon 
in the seeds of Croton tiglium. It is obtained from the oil 
(croton oil) exactly in the same way as the preceding acid. It is 
solid, very volatile, has a pungent and nauseous smell, a burning 
taste, and is very poisonous. Croton oil contains some free cro- 
tonic acid. The salts of crotonic acid are generally soluble and 
crystallizable, and have no smell. The composition of the acid 
is unknown. 

CAMPHORIC ACID. 

Formula of the anhydrous acid, CjoHyOj. Symb. Ca. (Malaguti, 
Laurent, Walter.) 

Formula of the hydrated acid, C10H7O3 + HO. Symb. Caf 
HO. Discovered by Kosegarten. The anhydrous acid was first 
obtained by Malaguti and Laurent. 

To prepare it, camphor is digested with a large excess of nitric 
acid till it is entirely dissolved, fresb acid being added as often 
as may be required. The acid solution being evaporated, yields 
impure camphoric acid. It is purified by combining it with 
potash, which separates any camphor that may have escaped oxi* 
dation. The camphorate of potash is then decomposed by nitric 
acid, when pure hydrated camphoric acid crystallizes. It forms 
small scales or needles, of a taste at first sour, then bitter. When 
distilled, it is resolved into water and anhydrous acid. 

The salts of camphoric acid, with the alkalies and alkaline 
earths, are soluble and crystallizable. The other camphorates are 
insoluble, or sparingly soluble. __ 

Camphorate of Ammonia, a. Neutral. Ca, AdH^O. h. Acid. 
,.7r , ^AdHjO 1 . ^ 

+ HO r "^ ^^' 

AeO 1 

Camphorate of Oxide of Ethule, a. Acid. 2Ca tt^ >- 

(Malaguti). Obtained by heating camphoric acid, alcohol, and 
sulphuric acid together. The addition of water causes the new 
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compound to separate. It is a colourless syrupy liqnid, whicli, by 
boiling with water, is resolved into camphoric acid, and neutral 
campLorate of oxide of ethule. It forms with alkalies and bases 
in general a series of double salts, in which the atom of water is 
replaced by its equivalent of base. 

b. Neutral. The neutral caniphoratc of oxide of ethule, or cam- 
phoric ether, Oa,AeO, is obtained by dissolving in alcohol the 
product of the distillation of the acid salt. When the alcohol 
deposits no more crystals of camphoric acid, the addition of 
water separates the camphoric ether as an oily liquid, sp. g. 
1-029. It boils at 545". Its formula is Ca,AeO. When acted 
on by chlorine, it yields chlorocamphorie ether, Ca.C^HjCljO. 
(Malaguti.) 

The so-called anhydrous camphoric acid, CmHyOa, is obtained 
by crystallizing in alcohol the product of the distillation. of hydrated 
cimphoric acid, or of the acid camphorate of ethule. It forms 
long, flat, colourless prisms, which have no sour taste. By very 
long-continued boiling with water it is dissolved, and passes into 
hydrated acid. (Laurent.) 

The existence of anhydrous organic acids is very doubtful. 
The substances which are supposed to be so, are in general but 
imperfectly hnown. From the action of heat on tartar-emetic, 
and from the composition of the succinate of lead lately described 
by Fehling, it appears that the so-called anhydrous tartaric and 
succinic acids still contain some water capable of being replaced 
by bases ; and, according to Malaguti, the anhydrous camphoric 
acid forms difTerent salts from the hydrated acid. It is probable 
that all such acids differ from the common hydrates, in a manner 
analogous to that in which the modifications of phosphoric acid 
differ from each other. 

Of the salts of anhydrous camphoric acid but little is known ; 
but they are decidedly distinct from the salts of the hydrated acid, 
and they do not yield the hydrated acid when decomposed by 
acids, but a gummy mass, which soon hardens, and is soluble in 
alcohol. 

Anhydrous camphoric acid combines with fuming sulphuric 
acid, with disengagement of sulphurous acid. When the solution 
is heated, a large quantity of pure carbonic oxide is disengaged, and 
an acid is left, which, according to Walter, is CgH^OsS =: (CioH, 
Oj + SOj) — CO. This explanation does not account for the 
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production of sulphurous acid in the first stage of the process^ 
Walter has analysed the salts of this new acid, but the results are 
not guite decisive. Probably a purer and more permanent com- 
pound might be obtained by the action of the vapour of anhydrous 
sulphuric acid on anhydrous camphoric acid. 

APPENDIX TO CAMPHORIC ACID. 
CAMPHOR AND OIL OP CAMPHOR. 

In the Camphor-tree of Sumatra and Borneo, Dryahalanops 
camphor a^ and of Japan, Per sea camphora^ camphor and oil of 
camphor are found, chiefly in those parts of the wood which in 
resinous trees contain the resin. The wood is split up, and the 
isolid masses of camphor are taken out. By distilling the wood 
with water, an additional quantity of camphor is obtained, along 
with the volatile oil. 

. Oil of Camphor. — Formula, CjoHigO (Martins, Macfarlane). 
The oil of commerce contains camphor dissolved, which it deposits 
in crystals by evaporation. By repeated rectification the oil may 
be obtained colourless : it is a very mobile liquid, refracting light 
strongly ; of sp. g. 0*91. Its boiling point lies above 21 2^ It 
absorbs oxygen from the air. By distillation with nitric acid it 
yields camphor, which differs from it in containing exactly twice 
as much oxygen. With hydrochloric acid it forms a neutral 
solid compound, insoluble in water. Oil of camphor dissolves 
phosphorus, iodine, and sulphur ; and is miscible with sulphuric 
and acetic acids, fixed and volatile oils, ether and alcohol. It 
forms a stiff jelly with powdered copal. 

Camphor, — Formula, CjoHgO. (Dumas; Blanchet and Sell). 
Obtained as above described. According to Dumas, the crystal- 
line substance deposited by oil of lavender is identical with com- 
mon camphor. Camphor is a white, crystalline, translucent solid, 
somewhat tough, but easily pulverised when moistened with alco- 
hol. Its sp. g. is 0-9857 to 0-996.* It melts at 347% and 

* A very fine specimen of genuine Borneo camphor, in the possession of Dr. Chris* 
tison, consists of small fragments heavier than water. This variety of camphor, which 
has seldom reached Europe, being purchased at an enormous price and highly prized 
by the Chinese and Japanese, merits a special investigation. Its smell is not exactly 
the same as that of ordinary camphor, but slightly alliaceous. — W. G. 
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sublimes entirely with ebullition at 400°, The density of tU 

vapour is 5'317- (Dumas.) It evaporates readily in the air. 
Fragments of camphor, when thrown on water, evaporate i 
rapidly than when dry, and are thrown into a rotatory motion, 
arising from the simultaneous formation of the vapours of water 
and camphor. 

Camphor Is combustible, and bums with a smoliy flame. It is 
soluble in 1000 parts of water, but is said to dissolve easily when 
boiled with water under increased pressure. Ten parts of alcohol 
dissolve twelve of camphor. It is also soluble in proof spirit and 
in ether. The solution in proof spirit (camphorated spirit) is pre- 
cipitated by water. Fixed and volatile oils, and bisulphuret of 
carbon, dissolve it. It is miscible by fusion with sulphur and 
phosphorus. With iodine it forms a brown compound ; in chlo- 
rine gas it liquefies without apparent decomposition. Oil of 
vitriol dissolves it ; and, when the solution ia heated, it yields sul- 
phurous acid gas, and an oil smelling of peppermint and camphor. 
Nitric acid dissolves camphor, and, when the solution is boiled, it 
is gradually converted into camphoric acid. 

Camphor is used in medicine both internally in the form of 
emulsion, and externally in the form of ointment. Internally it 
acts as a diffusible stimulant, but in large doses it is poisonous. 
It increases the solubility of copal in alcohol, and hence is an 
ingredient in copal vamiah. 

Camphrone. — When the vapour of camphor is passed over 
quicklime at a low red heat, a volatile liquid ia obtained among 
the producta, which appears to have the formula CjoHjjO. (Freniy.) 
This ia camphrone. If the same experiment be performed at a 
white heat, the products are naphthaline, CaoHg, olefiant gas, 
marsh gas, and carbonic oxide gas. (Fremy.) 



VALERIANIC ACID. 

Formula of the anhydrous acid, CioHgOj. Symb. Va. For- 
mula of the hydratcd acid, C,„Hi,03,H0. Symb. Vii.HO. 

(Ettling; Dumas.) 

This acid has already been described as a product of the action 
of caustic potash on hydrated oxide of amule (oil of potato spirit) ; 
and as existing in the toot of "Valeriana officinalis. (See p. 985.) 
Besides the hydratcd acid above mentioned, there exists another 
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hydrate, Vaj^HO, which is obtained when a strong solution of 
any of its salts is decomposed by an acid. 

The salts of valerianic acid are generally soluble, and have a 
slight smell of valerian. The valerate of oxide of ethule, Va» AeO, 
may be obtained by the action of heat on a mixture of alcohol, 
oil of vitriol, and valerianic acid. It is an oily liquid, with 
a penetrating smell of fruit and of valerian ; of sp. g. 0*894!. 
(Otto.) 

The valerate of oxide of amule, or at least a liquid having the 
composition C20H20O4 = Va^AylO, is obtained by the action of 
heat on a mixture of oil of vitriol, hydrated valerianic acid, and 
bichromate of potash. (Dumas and Stass.) It is an oily liquid, 
which requires a careful investigation. The valerates of metallic 
oxides are anhydrous, and their general formula is VajMO. 

ACTION OF CHLORINE ON VALERIANIC ACID. 

Chlorovalerisic Acid. — When valerianic acid is acted on in the 
dark by chlorine gas, a new acid is produced, the formula of 
which is C10H7CI3O4. If we compare this with hydrated vale- 
rianic acid, C]oHjo04, it appears that chlorovalerisic acid may be 
regarded as valerianic acid in which 3 eq. of hydrogen are re- 
placed by 3 eq. of chlorine, without the general character of the 
compound being changed. The new acid is a viscid liquid, 
devoid of smell, and is easily soluble in alkalies. 

Chlorovalerosic Acid, — When the action of chlorine is assisted 
by sunlight, another new acid is formed, the formula of which is 
CioHgCl403 in the anhydrous state. It is anhydrous valerianic 
acid, CjoHgOg, in which 4 eq. of hydrogen have been replaced by 
4 eq. of chlorine. Its hydrate is C10H5CI4O3 + 3H0. With 
bases it forms salts very similar to the salts of valerianic acid* 
The chlorovalerosate of silver is CjoH5Cl403,AgO. 

These very remarkable compounds were discovered by Dumas 
and Stass. They are good examples of the law of substitution 
proposed by Dumas, the original type of the compound being 
retained. 

According to Lowig, valerate of lime, when distilled, yields an 
oily liquid, valerone, C9H9O = CioHgOg — COg. The same che- 
mist states that valerianic acid is in the valerian combined with 
oxide of glycerule, producing a peculiar fat ; but this is doubtful. 




(ENANTHIC ACID. 

Formula of the anliydrous acid, CjjHijOj. Formula of the 
hj-drated add, C„H,sOj,HO. (Pelouze and Liebig.) 

This acid occurs in most fermented liquors, especially in wine 
and com spirit, combined with oxide of ethulc. When wine ia 
distilled, this compound passes over at the end of the process in 
small quantity. By digestion with potash, cenaothate of potash 
is obtained, and from this salt the acid is separated by sulphuric 
acid, in the form of an oily liquid, which rises to the surface. At oi" 
it is semi-solid. It has neither taste nor smell ; is insoluble in water, 
soluble In alcohol and ether. In this state it is the bydrated acid. 
When distilled, it is resolved into water and anliydrous acid. 

Of the salts of cenanthic acid only the ojnanthate of oxide of 
ethule is well known. This is the oil obtained by distilling wine 
or other fermented liquors, at the end of the distillation. It is 
purified from a little free cenanthic acid by heating it with a weak 
solutiori of carbonate of potash, when the pure oil rises to the 
Burfece. Its formula ia Ci^Hi^O^ = ChHijOj + C^H^O. (Pelouzc 
and Liebig ; Mulder.) It is a mobile oily colourless liquid, 
having a strong smell of wine. Sp. g. 0'862. It boils at 43-5". 
By the action of potash it is resolved into cenanthic acid and 
alcohol. 

It is to be observed, that this singular compound is not the 
cause of that peculiar fragrance in certain wines which is called the 
bouquet or aroma ; but, on the contrary, of that somewhat un- 
pleasant smell whieh is found in every kind of wine, and which is 
so characteristic that we can always tell by it whether a bottle or 
cask has been used for containing wine, even when the vessel has 
been for some time empty. 



ROCCELLIC ACID. 

Formula of the crystallized acid, Ci,H,b04 (Liebig). Disco- 
vered in Roccella tinctoria by Heeren. It ia extracted from the 
lichen by ammonia, and the solution precipitatetl by chloride of 
calcium. I'hc roccellate of lime is decomposed by weak hydro- 
chloric acid, when the roccellic acid separates. It is purified by 
solution in ether and crystallization. It forms fine white needles, 
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fusible about ^95°. In its general cliaracter it resembles the oily 
acids. Its salts have been little studied. 



VERATRIC ACID. 

Formula of the acid in the salt of silver, CjgHjOy. Formula 
of the hydrated acid, CjgH^OyjHO. (Schrotter.) Discovered by 
Merck in the seeds of Veratrum Sabadilla. The seeds are ex- 
hausted by a mixture of alcohol and sulphuric acid, and the solu- 
tion precipitated by milk of lime. The veratrate of lime remains 
in solution. It is decomposed by hydrochloric acid, and the new 
acid crystallizes. It forms short white transparent prisms, which 
are soluble in water and alcohol, insoluble in ether. When heated 
they melt, and are volatilized without residue. 

Its salts are for the most part soluble. It forms with oxide of 
ethule a crystalline compound, C22Hj40g = CigH^O; + C4HJO. 
( WUl ) 

CUMINIC ACID. 

• 

Formula of the hydrated acid, CjoHijOj -f HO. (Oerhardt 
and Cahours.) To obtain it, Roman oil of cumin is dropped into 
melted potash, when hydrogen is disengaged, and cuminate of 
potash is formed. The addition of an acid causes the cuminic 
acid to separate. The hydrated acid is a white crystallized solid, 
which is soluble in alcohol and volatile. Its salts are not known. 

According to Gerhardt and Cahours, Roman oil of cumin is a 
mixture of two oils, one of which is a carbo-hydrogen, and the 
other analogous to the hyduret of benzule, having the formula 
CjoHiiOj + H. The radical of this oil they call Cumyle = Cjo 
HjjOj. 

According to Volkel the common oil of cumin or caraway, from 
Carum carui^ contains two oils, analogous to the foregoing ; but 
his analyses do not agree with the above formula. By the action 
of the air, or by that of sulphuric acid and bichromate of potash, 
Roman oil of cumin is converted into cuminic acid. 

CARYOPHYLLIC ACID. 

Formula uncertain. Discovered by Bonastre in oil of cloves, 
and first obtained in a state of purity by Ettling. Oil of cloves 
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contaiDB this acid, mixed witL an oil, C,(,Hg. The addition of 
potash separates this oil, while carjophylkte of potash is formed. 
This sail, distilled with sulphuric acid and water, yields the hy- 
diated acid, which is an oily liquid of Bp. g. 1-079, with a strong 
smell of cloves. 

The analyses of this acid, by Bockmann and Ettling, lead to 
the empirical formula C^HuOj. But a comparison of the salt of 
baryta with the hydratcd acid rather leads to the formula Cj^HijOj 
= CjoHiiOj + HO for the hjdrated acid. 

According to Dumas, if the cloves be first treated with alcohol, 
which dissolves a crystalline substance, caryophjlline, and after- 
wards distilled with water, an acid is obtained, which has the for- 
mnla Cj^HijOs, and thus appears to contain 1 at. water more than 
the acid above mentioned. This latter acid forms with potash an 
fidd salt, which according to Dumas is C^Hj^Oju + KO; but 

which is more probably C^H^sOa + KO = SCjoHiaOi + ^^ I 

The carbo-hydrogen above mentioned may be supposed to pass 
into caryophyllic acid by the substitution of 4 cq. oxygen for 4 eq. 
hydrogen. Thus gC,oHg = CjoH,j ; and Cj,H,(,-H, + 0^=0^; 
HjsO,. 

Alcohol, as above mentioned, extracts from cloves a solid sub- 
stance, caryophyllinc, which appears to be closely connected both 
with the carbo-hydrogcn and with the acid. According to Dumas 
and Kttling, its formula is C^pHipO^, or C,oHgO, which is iden- 
tical with that of camphor ; from which, however, it differs in being 
inodorous, and not volatile without decomposition. 

The distilled water of cloves deposits another substance in yel- 
lowish pearly scales, to which Bonastre has given the name of 
Eugenine. The analysis of Dumas gives for it the same formula 
as for caryophyllic acid. 

All these substances require to be further studied. 

COCOIC ACID. 

Formula of the acid in the salt of silver, CjjHjflOj, 
Formula of the hydrated acid, CjjHjjOj + HO. (Bromeis.) 
This is the cryatallizable acid contained in the butter or 
the cocoa-nut. This fat is white, of the consistence of lard ; melts 
about 70°, and congeals a little above 60° ; has an unpleasant 
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cheesy smell and taste, and becomes readily lancid. It is distin- 
guished from most fats by its ready solubility in alcohol. 

To obtain the acid, the fat is converted into soap by boiling 
with an alkali, and the soap decomposed by a mineral acid. The 
fatty acid mixture obtained is subjected to strong pressure to 
remove the liquid acid (probably oleic acid), and the pressed 
cocoic acid is further purified by a second saponification. The 
soap is repeatedly dissolved in water and separated by the addi« 
tion of common salt, by which means it is rendered colourless. It 
is then decomposed by tartaric acid, and the &tty acid crystal- 
lized from alcohol till its melting point becomes constant. 

It is snow-white, inodorous, and melts at 95^, congealing into a 
mass like wax. When melted with oxide of lead, it loses 4 eq. 
water. 

With the alkalies it forms salts which are soaps, like the salts 
of the more common oily acids. The cocoate of oxide of ethule 
is obtained by passing hydrochloric acid gas into a solution of 
cocoic acid in alcohol, and adding water. It is a colourless mobile 
liquid, having a pleasant smell of i^ples. The cocoate of silver 
is white and insoluble. 

SERICIC ACID. 

Syn. Myristic Acid. Discovered by Playfair. Formula of the 
acid in the salts of baryta and potash, C28H27O3. Formula of the 
crystallized acid, CggHjyOj -h HO. (Playfair.) 

This acid exists in combination with oxide of glycerule in the. 
butter of nutmegs, which are the fruit of Myristica moschata. 
This butter is soluble in 4 parts of hot alcohol, and the solution 
deposits on cooling silky crystals of sericate of oxide of glycerule 
(sericine or myristine). From this purified fat the acid. is ob- 
tained by the usual process for oily acids, as described for the 
preceding acid. It is purified by repeated crystallization from 
alcohol or ether. 

It forms brilliant white scales of a silky lustre (hence its name), 
fusible about 120®, and congealing into a crystalline mass. It is 
soluble in alcohol and ether, and is decomposed by nitric acid, 
and by heat. 

The salts which sericic acid forms with alkalies are distinguished 
from other soaps by not forming viscid solutions when concentrated, 
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and by not becoming turbid when diluted} as ordinary soaps do. 
Sericatc of oxide of etliulc is a colourless mobile liquid, of sp. ] 

0-864. Formula, 2 si + f^^' \ 

Sericate of oxide of gl jcerule, or aericine, exists in the butter of 
nutmegs. It is purified by washing with alcohol, pressure, and 
solution in hot ether, from which it crystallizes on cooling. Ac- 
cording to Playfttir, its fonnula is C„5H,|30,j — 4(CjaH2;03) + 
CgHjOj. This would give for the oxide of glyccrulc in this fat 
the formula C|,HjOj. Whereas, according to Pelouze, oxide of 
glycerule is CjHjOj. But it is not impossible, as Liebig has 
Buggestedj that there may be more than one oxide of glycerule. 
According to Lecanu, oxide of glycerule is C^H^O, ; and it will 
be seen that these three formulee only differ in the proportion of 
water. Liebig supposes that these different varieties of glycerine 
may require different quantities of acid for neutralization, just as 
some acids are monobasic, others polybasic. He considers stearine 
a compound of 2 at. stearic acid, 1 at. oxide of glycerule ^ C^HjOj 
and 2 at, water; while in sericine, the oxide of glycerule C^H^Oj, 
which contains 2 at. of water less, is combined with 2 at. of acid 
more, 4 at, in all. It has also been supposed by Liebig that oxide 
of glycerule may be — CjH^O, in which case the formula of seri- 
cine may be Se + GlyO, or possibly 2(S^,GlyO) +2(s'e,HO). 
Like all compounds of glycerule, sericine, when distilled, yields 
the pungent vapour of the substance to be afterwards mentioned, 
which is called by Berzelius Acroleine. These views are highly 
ingenious, and promise to throw much light on the constitution of 
the oils and oily acids ; but they require extensive and minute 
researches to establish them. This subject will be again considered 
when we come to give a general sketch of these important com- 
pounds. 

Sericic acid, when heated with potash and a little water, forms a 
beautiful white soap, which crystallizes out of alcohol. This, as 
well as the serieate of baryta, is composed according to the general 
formula Se^MO. 

Sericate of silver appears to contain water, a rare occurrence in a 
salt of silver. If so, its formula is 2(Se,AgO) +H0. But it 
is more probably SeiAgO. 

Sericate of lead, like some other salts of lead, when prepared 
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from the acetate, contains acetate of lead. Its formula is CugHm 
0,,,7PbO = 4(C28H2 ;03,PbO) + (A,3PbO), 

Playfair, to whom we are indebted for the above and other 
facts, remarks that serlcic acid is not far removed in composition 
from oenanthic acid. In fact, 2 at. cenanthic acid = C2sH.26^i repre- 
sent 1 at. sericic acid in which 1 eq. of hydrogen has been replaced 
by 1 eq. of oxygen. It is thus related to cenanthic acid, as hyduret 
of benzule is to benzoic acid, at least as far as the formulae are con- 
cerned ; but no conversion of the one into the other has been 
observed. 

Besides sericine, the butter of nutmegs contains a reddish fat 
and an aromatic volatile oil. The reddish fat, when distilled, 
yields, among other products, a black fat, soluble in alcohol and 
ether. These products have not been further examined. 

PALMITIC ACID. 

Formula of the acid in the salt of silver, CsjHgiOg. Formula 
of the hydrated acid, C32H31O3 + HO. (Fremy, Stenhouse.) Dis- 
covered by Fremy in palm oil. To obtain it, the oil is saponified 
by a caustic alkali, and the soap decomposed by an acid. The 
oily acid which separates contains some oleic acid, which is re- 
moved by solution in alcohol, and by pressure. 

In appearance the palmitic acid resembles margaric acid, form* 
ing pearly scales. It has also the same melting point, namely 
140°. It is saponified by digestion with the carbonated alkalies. 
It is partly decomposed by distillation. By chlorine it is acted on 
in a way similar to valerianic acid, yielding a variety of acid oils, 
in which hydrogen is more or less completely replaced by chlorine, 
and which retain their chlorine in combining with alkalies. 

Palmitine, or palmitate of oxide of glycerule, is the principal 
solid ingredient of the palm oil or butter. It is purified by pres- 
sure, washing with hot alcohol, and finally crystallization from hot 
ether. It is white and crystalline, very sparingly soluble in hot 
alcohol, but very soluble in hot ether. It melts at 118% and con- 
geals to a mass like wax, which is friable. According to Sten- 
house, its formula is C35H33O4, which would indicate a compound 
of 1 at. anhydrous palmitic acid, C32H31O3, united to C3H2O ; 
which is the same formula for glycerine as one of those mentioned 
under the preceding acid as suggested by Liebig. This is possibly 

4 c 
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derived from ordinary glycerine, CjH^Oj ; for CgH,Oj — 3H0 = 
CsH^Oj^SCCJIjO). Like all the compounds of glycerule, 
palmitiDe when distilled yields the penetrating vapours of acro- 

CETULIC ACID. 

Syn. Aethalic Aeid. Composition and formula identical with 
those of palmitic acid, from which, however, it differs in proper- 
ties. (Dumas and Stass.) Formed by the action of fased potash 
oo cthal (hydrated oxide of eetule). Symbol, Get- 

The formula of ethal is CjjH^Oj ; that of cetulic acid is 
CjjHjjO,. The latter is therefore produced from the former, 
2 eq. of hydrogen being replaced by 2 eq. oxygen. The oxygen 
is derived from the water of the hydrate of potash, so that 4 eq. 
of hydrogen are set free in the process, 2 from this source, and & 
from the ctlal. To prepare the aeid, 1 part of ethal is heated 
with 6 parts of a mixture of fused potash and quicklime in equal 
proportions, to the temperature of about 425°. Hydrogen is set 
6ee, and cetulate of potash is formed. This salt is converted, 
by means of chloride of barium, into cetulate of baryta, which is 
purified from cthal by digestion in ether. The cetulate of baryta 
is decomposed by diluted hydrochloric acid, when cetulic acid is 
obtained in the form of a fat, fusible at 130°, volatile, insoluble 
in water, soluble in alcohol and ether. Its salts have the general 
formula Cet,MO. They have been little studied. 

MARGARIC ACID. 

Formula of the anhydrous acid, C34H33O3, or CggH^Og. Symb, 
Mr. Formula of the hydrated acid, CflgHeoOa + 2H0. (Varren- 
trapp, Redtenbacher, Bromeis, Stenhouse.) Symbol, MtiSHO. 
A bibasie acid ? Discovered by Chevreul. Syn. Margarutic 
Aeid. 

Mai;garic acid, one of the most widely distributed and most 
important of the oily acids, is found in combination with oxide of 
glycerule, (glycerine, sugar of oils,) in several species of animal 
and vegetable fats and oils, particularly in human fat, in goose 
fat, and in olive oil, being in these eases mixed or combined with 
oleate of oxide of glycerule. It is also produced by the action of 
heat on tallow (stearate of oxide of glycerule) and on stearic acid, 
and by the oxidation of stearic acid. 
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The easiest method of obtaining pure margaric acid is to heat 
hydrated stearic acid with its own weight' of nitric acid for some 
minutes. The fatty acid which separates on cooling is exposed 
to pressure to remove oleic acid, and purified by repeated crystal- 
lization in alcohol, till its melting point becomes constant. It 
may also be obtained by decomposing pure margarate of lead or of 
lime by a diluted mineral acid. 

Margaric acid has the aspect of a fet, fusible at 140°. Its solu- 
tion in alcohol has an acid reaction. From ether or alcohol it 
crystallizes in pearly scales ; hence its name. 

With bases it forms two series of salts : a. Neutral, the general 
formula of which is Sir -f 2M0 ; b. Acid, the general formula of 



which is Mr + ttq \ (Varrentrapp). 



SALTS OF MARGARIC ACID. 

Margarate of Oxide of Ethule. — Mr^^AeO. (Varrentrapp.) 
Prepared by the action of hydrochloric acid gas on an alcoholic 
solution of margaric acid, and purified by washing with boiling 
water. It has the appearance of a fat, which melts at about 70^ 

The margarates of potash and soda are obtained pure by the 
following method, which we owe to Clievreul. The fat of man, 
or of the goose, or olive oil, is saponified by boiling with caustic 
potash or soda. The soaps obtained are decomposed by a mineral 
acid ; and the fatty acid which separates, a mixture of margaric 
and oleic acids, is heated with 8 parts of water, and potash or 
soda added till a clear solution is obtained. This solution is then 
mixed with 50 times its volume of water, which causes the sepa- 
ration of acid margarate of the alkali in pearly scales. ' These are 
again dissolved in 8 parts of water, the solution again rendered 
clear by potash or soda, and again mixed with 50 volumes of water. 
This operation is repeated till the salt, when decomposed, yields 
an acid fusible at 140°. The salt is then free from oleate of 

potash or soda. The acid margarate of potash is Mr> ttq f • 

Heated with as much more potash as it already contains, it yields 
the neutral salt, Mr^^KO, which is a regular soap, of a rather 
soft consistence, soluble both in water and alcohol, but which, 
when mixed with much water, yields free potash and the acid salt, 
the latter being insoluble. 

4 c 2 
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The margaratfs of soda, acid and Beutral, nre quite analogous 
to those of potash ; but ihe neutral margarate of soda is a some- 
what harder soap. 

Tlie inargarates of baryta, atrontia, and lime, are insoluble, 
white, curdy precipitates, Margarate of lime is easily obtained 
pure, by dissolving in potash the first half of the products of the 
distillation of stearic acid, precipitating by clitoridc of calcium, 
and boiling the precipitate repeatedly with ether, to remove mar- 
garone and a carbo-hydrogen, with which it is contaminated. The 
purified salt is employed to yield margaric acid. 

With oxide of lead, margaric acid forms a neutral, an acid, 
and a basic salt, all insoluble. The latter is fusible at 212°, and 
is a true plaster, as the salts of oxide of lead with oily acids com- 
monly are. 

Margarate of Oxide of Glycerule. — Syn. Margarine. This 
compound is unlinown in a state of perfect purity, but is the prin- 
cipal ingredient of human fat and of goose fat, combined with the 
corresponding oleatc. It occurs also in a smaller proportion in 
olive oil, and probably in many other fats and oils. The crystals 
deposited by a hot alcoholic solution of human fat are a chemical 
compound of margarate and oleate of glycerule. (Chevreul.) So 
also are the crystals which Form in olive oil when it is exposed to 
cold. (Pelouze, Boudet.) 

The original analyses of Chevreul, which, however, appear to 
have been made with a margaric acid not quite free from oleic 
acid, suggest a somewhat different formula from that given above ; 
but the close relation between margaric and stearic acids renders 
the formula of Varrcntrapp more probable. After describing, 
therefore, "stearic acid, we shall give a connected view of these 
very interesting acids, as far as our knowledge of them at present 
extends. 

STEARIC ACID. 
Syn. Hypomargarulic Acid. Discovered in 1811 by Chevreul. 
Studied by Redtenbacher. Formula of the anhydrous acid, 
' CssHeeOs. Symb. St. Formula of the hydrated acid, C^l\tS>i 
-I-2H0. (Redtenbacher.) A bi basic acid? — and the most in- 
teresting and Important of all the oily acids. 

It is best obtained from the stearic acid of commerce, which is 
used aa a substitute for wax in making candles. This commercial 
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acid is prepared by saponifying ox or mutton fat by boiling with 
potash, precipitating by chloride of calcium, and decomposing the 
stearate of lime thus formed by a mineral acid. The mixture of 
stearic and oleic acids thus obtained is freed as &r as possible 
from oleic acid by pressure between warm metallic plates. It 
thus yields a hard mass like wax. To purify it completely, it is 
repeatedly crystallized from hot alcohol, till its point of fusion 
becomes constant at 167**« Stearic acid may also be obtained 
from the acid stearate of potash, (see that salt,) but still requires to 
be purified by alcohol, till it acquires the above melting point. 

Stearic acid is a firm white solid. When melted, it congeals 
at 158** into a crystalline mass, which feels greasy, but is pulver- 
izable, and insoluble in water. From alcohol it is deposited in 
brilliant pearly scales. In the liquid state, at 170% its sp. g. is 
0*854 ; in the solid state it is I'Ol. It is very soluble in ether. 
It bums like wax, with a clear white flame. 

When distilled, it is converted into margaric acid and mar- 
garone. Heated with nitric acid, it is first converted into mar- 
garic acid ; and, by the continued action of nitric acid, the latter is 
converted into succinic and suberic acids. 

STEARIC ACID AND BASES. 

As a bibasic acid, stearic acid forms two series of salts. 

a. Neutral. Formula, Stj^MO. 

b. Acid. Formula, St> tt/-. \ • Stearic acid partially decom- 
poses the alkaline carbonates in the cold, yielding bicarbonate and 
acid stearate of the alkali. With the aid of heat it expels the 
carbonic acid entirely, forming a neutral stearate, which is a com- 
plete soap, in the case of potash or soda. 

Stearate of Ammonia, — Hydrated stearic acid absorbs 2 eq. 
of ammonia, forming a white inodorous solid. It is soluble in 
ammonia, but deposits crystals of the acid salt, the formula of 
which is St,AdH20,H0. (Chevreul.) 

Stearate of Oxide of Ethule, — a. Neutral. St^^AeO. This 
is formed, according to Lassaigne, by heating together stearic acid, 
alcohol, and oil of vitriol. An oily liquid rises to the surface, 

AeO ) 

which solidifies on cooling. — b. Acid. St>rjQ f • When hydro- 
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cliloric acid gas is passed tlirougli an alcoholic solution of stearic 
acid, thia compownd separates. It resembles wax, and melts 
between 80° and 90°. It crystallizes from alcohol, and is decom- 
posed by boiling with potash, yielding stearic acid and alcohol. 
(Redtenbacher.) 

Stearale of Oxt'de of Mtthule, neutral, according to Las- 
suigne, is formed like the neutral compound of ethule, which it 
resembles. 

Stmrate of Oxide of Glycerule. — This compound, the stearine 
of Chevreul and Lecanu, is, according to Pelouze and Liebig, an 
acid salt. Formula, 2St + GlyO +2H0. It is the chief ingre- 
dient in most kinds of suet or tallow, and is the most important 
of the fatty bodies. 

To obtain pure stearine, mutton suet is melted in the water- 
bath, mixed with ten parts of ether, and set aside to cool. The 
crystals which are deposited on cooling are strongly pressed, and 
washed with cold ether. They are pearly scales, which feel soft, 
but not greasy; fusible about 140° to 145°; and congealing to 
a mass like wax, not crystalline, and easily reduced to powder. 
It is insoluble in water, soluble in hot alcohol and ether ; both of 
which solvents, on cooling, deposit almost the whole of the stearine. 
When distilled, it yields the products of the action of heat on 
stearic acid, which are margaric acid and margarone, besides a 
carbo-hydrogen, as well as the products of the distillation of gly- 
cerine, particularly acrolcinc. 

Stearine has weak acid properties. By careful management it 
may be made to combine with potash, forming a compound from 
wiiich acids separate stearine, and not stearic acid. The probable 

formula of thia compound is 2Si -I- nJyO -)- „„ >■ . 

But when stearine i bo led w th caustic alkalies, stcarate of 
potash is formed, while h\d at 1 ox le of glycerule (glycerine) is 
separated. From 100 p ts of steanne Clievreul obtained 102*6 
parts of hydrated stearic a dandglye ne together ; the glycerine 
weighed 8 parts. If we aln t tl at 3 at. of water are taken up_ 
in this process, two by the half of the stearic acid, and one by 
the glycerine, 100 parts of stearine should yield, according to 
the formula of Pclonie and Liebig, 102'3 parts of stearic acid 
. and glycerine ; the latter weighing 7'9 parts. Thia close cor- 
respondence not only lends additional probability to the formula 
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given above, but is a wonderful proof of the accuracy of Chevreul 
in his splendid researches on fatty bodies, made when nothing 
was known of these compounds. 

According to Pelouze and Boudet, the solid part of the butter 
of cacao is a compound of the above stearate of oxide of glycerule 
with the corresponding oleate. 

ICQ 1 

Stearate of Potash, — a. Acid. St>u^ [■ • (Chevreul.) To 

prepare it, the solution of 1 part of the neutral stearate is diluted 
with 1000 parts of water, when the acid salt separates. It is 
purified by washing with water and solution in alcohol, from which 
it crystallizes in pearly scales. One thousand parts of boiling 
water form with 1 of this salt a milky solution, which contains 
neutral stearate dissolved ; while the suspended salt is a still more 
acid compound, 2StjKO,3HO. Three atoms of acid stearate, 
8(StjK0,H0), produce 1 atom of neutral salt, Stj^KO; and 

1 at. of the new salt, ^StjoTj/-. \ • The latter is fusible into an 

oily liquid, while the original acid salt is only sofbCQcd by heat, 
(Chevreul.) 

h. Neutral, St>2K0. When equal weights of stearic acid and 
potash are dissolved in 10 parts of hot water, the neutral salt sepa- 
rates on cooling in opaque grains, which are to be squeezed and 
purified by solution in hot alcohol, from which it crystallizes in 
shining scales and needles. With 10 parts of cold water, this salt 
forms an opaque viscid solution. It is soluble in 25 parts of hot 
water; more soluble in solution of potash. From this latter 
solution, when hot and saturated, the addition of chloride of 
potassium separates the salt entirely in the form of an opaque viscid 
mass, which, on cooling, forms a firm soap. If chloride of so- 
dium be employed, the salt which separates is neutral stearate 
of soda, which on cooling forms a very hard soap. 

Neutral stearate of potash, as above described, is resolved by 
1000 to 5000 parts of cold water into potash, which remains 
dissolved, and acid stearate, which separates. (Chevreul.) The 
neutral salt is soluble in hot alcohol, and on cooling forms a jelly 
(opodeldoc). It is insoluble in ether. 

Stearates of Soda. — a. Acid. St,NaO,HO. Prepared from 
the neutral salt like the corresponding salt of potash, which it re- 
sembles. — b. Neutral. It is prepared like the neutral soap of potash 
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from 20 parts of stearic acid, 1 3 of soda, and 300 of water. , It may 
be obtained cither in crystals from alcohol, or as a hard aoap from 
water by adding chloride of sodium to the hot saturated aqueous 
solution, an excess of soda being also present. The action of water 
and alcohol on this soap is much the same as on the neutral salt of 
potash, only the soda soap is less soluble and less easily decom- 
posed by water, requiring at least 2000 parts. 

The Stearates of Barj-ta, Strontia, and Lime, arc all neutral, ac- 
cording to the general formula, St,2M0, They are white insoluble 
precipitates. 

Neutral Slmrate of Lead, St,2PbO, resembles tlie preceding, 

Basic Stearate of Lead, St,4PbO, prepared by boiling stearic 
acid with subacetate of lead, is a transparent soap or plaster fusible 
at 212°. 

^cid Stearate of Lead is formed by melting 100 parts of stearic 
acid with 21 of oxide of lead. It is also a transparent soap or plas- 
ter, fusible at 212°. 

ON THE COMPOSITION OF STEARIC AND MARGARIC ACIDS. 

As already mentioned, the recent researches of Varrentmpp, 
Redtenbaeher, Bromcis, and Stenhousc, lead to the following for- 
mulae for the two hydrated acids : 

Hydraled margaric scid, CajHgjOg or C„II„0,, 
Hydrated sleario acid, C^^U^^O,. 

Margaiic acid forms with oxide of silver a salt, the formula of 
which is C34Hjg03,AgO, so that the hydrate might be supposed to 
be C^HajOjjHO ; but as it forms two series of salts, in one of 
which only half this quantity of water ia replaced by a base, we are 
induced to consider it a bibasic acid, CfljHj^0^,2H0. The mar- 
garate of silver will then be Og^^^^Og^^AgO. Taking this view, 
and comparing it with stearic acid, we find it to contain 1 atom of 
oxygen more than that acid, while the carbon and hydrogen remain 
exactly in tlie same proportion. If we now call this compound of 
carbon and hydrogen margarule^Cj^Hjg^ Ml, we find that anhy- 
drous margaric acid —2(M103) and anhydrous stearic acid = MljOj. 
Again, comparing 1 atom = ^ equivalent of margaric acid, = MlOj, 
with 1 equivalent of stearic acid, we find them to bear the same 
relation to each other as sulphuric and hyposulphuric acids, SO^ and 
SjpOs. The only difference is, that while sulphuric acid is mono- 
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basic as well as hyposulphuric acid, the two acids of margarule, 
which may be called margarulic and hypomarganilic acids, are both 
bibasic. 

If this be really the relation between margaric and stearic acids, 
if they be different oxides of the same radical, we should expect to 
be able to convert stearic (hypomargarulic) acid into margarulic 
acid by oxidising agents. This is in fact the case, as formerly de- 
scribed. The change is effected by ^e action not only of nitric 
acid, but of a mixture of sulphuric acid and bichromate of potash. 
Moreover, just as hyposulphuric acid, S2O5, is resolved by heat into 
sulphurous acid, SO2, and sulphuric acid, SO3, so hypomargarulic 
(stearic) acid, when distilled, is resolved into oxide of margarule 
(margarone), MIO, and margarulic acid, MIO3; that is, in both 
cases, one portion yields oxygen to another ; thus, 

SaOa=SO,+SOa and 2MlaOa=3M10,+M10. 

All these facts render it almost certain that the above is a true ac- 
count of the constitution of margaric and stearic acids. 

The original analyses of Chevreul, indeed, gave for anhydrous 
mai^ric acid the formula CyoHegOj, or the half of this = ^ro^esQ* ; 
and for anhydrous stearic acid the formula CjoH^jOy But not 
only was the method then used for determining the atomic weights 
of the acids inferior to that now employed, but the acids themselves 
were possibly not absolutely pure. It is worthy of remark, how- 
ever, that Berzelius, observing that in these acids, according to 
Chevreul, the same quantity of carbon, 70 atoms, was combined 
with S and 5 atoms of oxygen, was the first to suggest that they 
were most probably oxides of the same carbo-hydrogen. This sug- 
gestion appears now to be established, and is only another instance 
of the profound sagacity of Berzelius. 

It should also be mentioned here, that five careful analyses of 
stearine (acid stearate of oxide of glycerule), by Pelouze and Liebig, 
gave the following results: 

Carbon . . 75*98 1 to 76*600 per cent. 
Hydrogen . 12*240 to 12170 percent 
Oxygen . . 21*779 to 21*330 per cent. 

Adopting for stearic acid the formula of Chevreul, and for oxide of 
glycerule that of Pelouze, these numbers correspond to the formula 
^St>GlyO,2HO, which has been giveil above. But if we take for 
stearic acid the formula of Redtenbacher^ and for oxide of glycerule 
the formula CgHgO, the formula most nearly agreeing with the 
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numbers wiU be St,GIyO,SHO. The fomer gives C,,6H,,jOi„ 
the latter CjiHjffis- The former would give 

Carbon 76'3l the latter, Carbon 76-43 
Hjdrogea 12'18 „ Hjdrogen 13-30 

Both are obviously near the truth ; but, aa long as there is any 
doubt as to the composition of oxide of glycerule, that of stearine 
cannot be satisfactorily determined. Notwithstanding the improve- 
ments which have been inlrodueed into organic analysis, and the 
progress ■which has been made in the study of these substances, the 
results obtained by Chevrenl in his masterly researches have under- 
gone but little modification, except in the interpretation of the ana- 
lytical part of his immortal work ; the numerical results being cor- 
rect in a degree quite wonderful, when we consider the difficulties 
tben attending organic analysis; and, above all, that the whole 
subject of the fiitty bodies was then untouched, insomuch that, till 
Chevreul discovered them, the oily acids were unknown, and the 
nature of soaps altogether misunderstood. 

ACTION OP HEAT ON STEARIC AND MARGARIC AC1D9. 

When these acids are distilled, they yield a product, the melting 
point of which is almost the same as that of the acids ; and hence 
they were formerly supposed to distil nearly unchanged, although 
Chevreul had observed that the product was no longer entirely 
soluble in alkalies. 

Redtenbacher and Varrentrapp have lately examined this subject 
minutely, with the following results. 

Pure stearic acid, melting at 158", yields a solid product, which 
melts at about 156°, This is a mixture of pure margaric acid, melt- 
ing at 140°, and a neutral crystalline fat melting at 190°, besides a 
liquid substance. This mixture is dissolved by potash, forming a 
milky liquid, which is precipitated by chloride of calcium. The 
precipitate, boiled with ether, leaves pure margaratc of lime ; while 
the ether being evaporated leaves the solid and liquid neutral com- 
pounds above mentioned. The former is maigarone ; the latter a 
carbo-hydrogen. 

When stearic acid is distilled with one quarter its weight of 
quicklime, carbonate of limd is left in the retort, while margarone 
and the carbo-hydrogen -distil over. 

It is particularly to be observed, that the products of tlie distilla- 
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tion of stearic and margaric acids contain no substance soluble in 
vrater, and particularly no sebactc acid, 

Margarone. — Discovered by Bussy. Obtained by distilling 
stearic or margaric acids witb or without lime. It is purified by 
crystallization from ether. 

Margarone is a white, crystalline, friable fat, fusible generally at 
190°, but sometimes at ^00° and upwards ; indicating the existence 
of more than one compound, the composition of which, however, 
seems to be nearly uniform. The analyses of margarone by Bussy, 
Redtenbacher,and Varrentrapp indicate two formulae, between which 
it is difficult to decide. The first is CjsHjjO, which may arise 
from anhydrous margaric acid by the loss of 1 at. carbonic acid; 
C34H33O3 — CO2 = C33H33O. This would account for the agency 
of lime in its production. Again, 

4 at. hydrated stearic acid . ^C2-,2^2ia02e might yield 

6 at=d eq. hydrated margaric acid C^q^U^^^O^^ \ 

1 at. water ... H O i 

1 at. margarone ... 0,8 Hga O / =Cj7aWj,aOa, 

1 at. carbonic acid . . C ^a 1 

1 at. carbo-hydrogen • . Cg^ Hg^ ) 

On the other hand, if we adopt for margarone the formula 
C84H38O = MIO, then 

2 at hydrated stearic acid ssMl^O^o+'^HO yield 

3 at. hydrated margaric acid =MlgOg -(-3H0 
1 at. margarone • ^Ml O 

1 at water • . = HO 

M]^Oio+4HO. 

From the margarone the carbo-hydrogen may be formed along 
with carbonic acid and carbon ; for 2 at. margarone = CggHggO, =: 
CggHfifi -f CO2 -f C. That this does happen is indicated by the 
deposition of carbon. The formation of margarone from maigaric 
acid and lime is also easily explained. 

2 at. anhydrous margaric acid =C^8^6eQ «H"^ ^^» Hme, 2CaO, yield 

1 at margarone =MiO =Cg4HggO 

2 at. carbonate of lime =0^ O4-I- 2CaO 
1 at of water = HO 

Polymeric carbo-hydrogen =Cg9Hg2 

CeaHeeOe-H 2UiO 

From stearic acid with lime Redtenbacher obtained a compound 
like margarone, but composed of C4eH450. This may be a com- 
pound of oxide of margarule with a carbo-hydrogen, C34Hg30 -j- 

Ci2H,2=:C46H450. 
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A similar compound, discovered by Bussy, and called by liim 
stearone, is CbjHubO. It is possibly Ml^O, a sub-oxide of mar- 
gamle. 

In all these researcbes the carbo-bydrogcna were found to eontoin 
equal equivalents of hydrogen and carbon ; but, as they form no 
combinations from which their atomic weights can be deduced, it is 
impossible to say whetlier they may contain one equivalent of eaeli 
clement, or a certain number of CH in one atom. In fact, there 
appears to be an unlimited number of such earbo- hydrogens, agree- 
ing in relative proportions, but differing in the absolute quantity 
of their elements ; in other words, in their atomic weight. 

PRODUCTS OF THE ACTION OF NITRIC ACID ON 
STEARIC AND MARGARIC ACIDS, 

If stearic acid be heated with an equal weight of nitric add, 
Bp, g. 1-285, for a few minutes, it is entirely converted into mar- 
garic acid, while the nitric acid contains no foreign substance. But 
if the action be continued, the nitric acid being occasionally re- 
newed, the margaric acid is by degrees entirely decomposed, and 
the liquid on cooling deposits nothing. If evaporated to one half, 
it deposits suberic acid; and contains succinic acid, and an oily 
liquid soluble in nitric acid. (Broraeis.) 

Suberic Acid, — Formula of the anhydrous acid, CaHgOj, Symb. 
Su. Formula of the crystallized acid, CgH|;Oa,HO. Symb. Su, 
HO. Discovered by Brugnatelli as the product of the oxidation 
of cork by nitric acid; by Laurent as a product of the action of 
nitric acid on oleic acid and olive oil ; and by Bromeis as a product 
of the action of nitric acid on stearic and margaric acids. 

The solution of margaric acid in nitric acid after long boiling 
is evaporated to one half, when it deposits a quantity of crystals. 
These are washed with cold water, and purified by crystallization. 
They are hydrated suberic aeid. From cork it is obtained by a 
similar process. It forms a white crystalline powder ; fusible, if 
moist, at 130", and if dry, at 238°. In a higher temperature it 
sublimes, condensing into an oily liquid, which congeals into long 
needles. It is easily soluble in hot water, alcohol, and ether. 

In the salts .of suberic acid, 1 atom of basic water is replaced by 
1 at. of base, Suberate of oaide of ethule is an oily, fragrant liquid, 
Su.AeO. The alkaline suberates are soluble. Those of baryta, 
strontia, lime, and silver, are neutral and insoluble. With oxide 
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of lead suberic acid fonns a neutral salt, Su^PbO; and a basic 
salt, Su,3PbO. (Bromeis.) 

When suberate of lime, baryta, or strontia is distilled with ex- 
cess of base, there is obtained, among other products, a liquid boil-* 
ing at 367% which absorbs oxygen from the air, or from nitric acid, 
and is converted into suberic acid. According to Boussingault, its 
formula is C3H7O. It may be considered as a hyduret of suberule, 
CgHgO -f H, analogous to hyduret of benzule. It may also be the 
oxide of another radical, CgH;. 

Succinic Acid. — Formula of the anhydrous acid, €411,03. 
Symb. S, Formula of the sublimed acid, CgHjO; = 2S 4- HO. 
Formula of the hydrated acid, C4H203,HO = S,HO. 

Succinic acid exists ready formed in amber (succinum), and in 
the resins of certain coniferae. (Unverdorben, Lecanu, and Serbat.) 
It is also one of the products of the oxidation of stearic and mar- 
garic acids. 

To obtain it, the products of the distillation of amber are filtered 
through moistened paper, to separate empyreumatic oil ; the fil- 
tered liquid is evaporated, and the crystals which it deposits are 
purified by sublimation. To prepare it from the oily acids, the 
mother liquid of the suberic acid, as above described, is evaporated, 
and the crystals which separate are purified from suberic acid by 
cold ether, which dissolves the latter. 

Hydrated succinic acid crystallizes in colourless scales or prisms, 
of sp. g. 1-56, which are entirely volatile. The sublimed acid con- 
tains only half the quantity of water, and by repeated sublimation 
it may be rendered at last anhydrous. 

Anhydrous sulphuric acid acts on it, producing a new acid, in 
which 2 at. of sulphuric acid and 1 of hydrated succinic acid com- 
bine, the elements of 1 at. of water becoming basic. Its probable 
formula is C4H2S209,HO. 

Succinic acid, contaminated with the empyreumatic oil formed in 
the distillation, has been, and still is occasionally, used in medi- 
cine. The oil is the active ingredient, probably from containing 
kreosote. 

Succinamide, — This substance is formed by the action of aqua 
ammonise on succinate of oxide of ethule. It is a crystalline solid. 
Formula, C4H2O2 + NH, = S, Ad. It differs from succinate of 
oxide of ammonium by 2 at. of water. (Liebig.) 

Bisuccinamide. — When anhydrous succinic acid is heated in dry 
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ammonia, a crystalline volatile body is obtained, which D'Arcct calls 
Bisuccinamide. Its formula is CsHjO^ + NHj = (CgH^Oj + NH^) 
-2HO=(9s + AdH)-2HO. When bisucciDamide is dis- 
solved in water, the solution yields crystals, the formula of which 
i8CBH,N0s = (CBH^0fl + NHs); that is, anhydrous bisuccinate of 
ammonia. But it does not appear to be that salt, but rather bisuc- 
cinamide with 2 at. water (of crystallization ?) (D'Arcct). 

Some uncertainty esists in regard to ike true constitution of suc- 
cinic acid and its salts. According to the prevailing view, the salts 
of succinic acid have the general formula, C^HjOjH-MO. But 
Fehling, by recent researches, has rendered it probable that succinic 
acid is a tribasic acid, and that the hydrated acid is CgH^Oj -I- 3H0. 
According to this chemist, the following is a view of the suc- 
cinates. 



C,H,0^+ AdH.O 

C,Hj,Oj-i-3PbO 

CgH.O.- 



=1iibiiiic salt of lesiJ. 



mide. (Bi 



ide.) 



( =:bibaEic BaU of silver. 

All the succinates are decomposed by distillation. 

Succinate of jimmonia. — The solution of the neutral salt is used 
in analysis to precipitate peroxide of iron. It deposits crystals, 
which are permanent in the air, and volatile, while tlic liquid 
s acid. An impure solution was formerly used in raedi- 

Succinatc of Oxide of Elhule is an oily liquid, of sp. g. 1-036 
in the liquid state, and 6-06 in the state of vapour. It boils at 
417°. With aqua ammonias it forms a crystalline substance, 
apparently analogous to oxamethane (D'Arcct). The remaining 
succinates are of little importance. Those of lead and silver are 
white and insoluble. 

Sh ccinoBc.— When succinic acid is distilled with lime, an oily 
liquid is obtained, to which D'Arcet has given the name of Suc- 
cinone. As his analyses of it do not i^ree together, its formula 
must be considered unknown. 
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APPENDIX TO SUCCINIC ACID. 

AMBER. 

The origin of this well-kno^n substance is still doubtful. It 
is commonly viewed as having been originally a vegetable balsam 
or resin, altered by time. But the production of succinic acid 
from oily acids renders it probable that amber is a product of the 
decay of wax, or of some other substance allied to the fats or fixed 
oils. 

It is found on the coast of Prussia partly in beds of fossil wood 
or brown coal, partly on the shore, and at the bottom of the sea« 
After storms it is found on the shore among the sea-weeds torn 
up by the agitation of the water. To judge by the remains of 
vegetables which accompany it, it is the produce of extinct coni- 
fer8e9 and it frequently contains insects almost always of extinct 
species. One species is said to exist at the present day in Ame- 
rica, and species allied to others occur in Brazil and New Holland. 
Amber occurs sparingly in other parts of Europe, as in the neigh- 
bourhood of London and Paris, Sweden, Poland, Italy, Spain ; 
and also in Siberia and North America ; but generally in beds of 
fossil wood, brown coal, or coal. 

Amber occurs in fragments of various sizes. It is transparent 
or translucent, hard, brittle, of a paler or darker yellow or brown 
colour, of sp. g. 1*065 to 1*07 ; tasteless and inodorous, but 
acquiring an aromatic smell when heated. It becomes highly 
electric by rubbing, and was the first substance in which this 
property was observed ; hence the term electricity (from liKexrgoVy 
amber). It melts at about 550% but is partially decomposed 
at that temperature. It is insoluble in water, partially soluble 
in alcohol. 

Amber, according to Berzelius, contains succinic acid, a volatile 
oil, two resins soluble in alcohol and ether, and a bituminous 
mass insoluble in all menstrua. This last constitutes more than 
four-fifths of the amber. According to Hiinefeldt, hydrochloric 
acid extracts from amber, besides succinic acid, another acid, very 
similar to mellitic acid. When amber is distilled, it yields suc- 
cinic acid, and a volatile oil (oil of amber) ; while the bituminous 
residue, dissolved in a mixture of linseed oil and oil of turpentine, 
forms amber varnish. According to Vogel, a yellowish substance 
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' with the acitl and oil, wlitth he calls camphor of 



is found 

amber. 

The oil of amber is a. mobile lit^uid, of a, penetrating smell. 
It is an ingredient of Eau de Luce, along with alcohol and am- 
monia, and is used as a stimulating essence in cases of fainting. 
This oil, when acted on by nitric acid, yields an orange- coloured 
s mass, with a strong musky smell (artificial musk). 



OLEIC ACID. 

Formula of the acid in the salt of baryta, C^^HjpO, ? Formula 
of the hydrated acid, C„H3(,0j,H0 ? ( Varrentrapp.) 

According to the analysis of Chevreul, oleic acid is a bibasic 
add, and the formula of the hydrate is C^oHssjOjiSHO. Accord- 
ing to Laurent, it is CjoH^^Osj^HO. But the absolute purity of 
the acid analysed by Chevreul is doubtful, and that analysed by 
Laurent had been distilled, in which circumstances it is decom- 
posed. There is reason, however, to believe that there is more than 
one liquid oily acid, to wliich the name of oleic acid has been 
given. The oleic acid of Varrentrapp was obtained from oil of 
almonds, and from the fluid portion of ox fat. The aeid of 
Chevreul was obtained from the fluid portion of mutton suet. 

Oleic aeid, combined with oxide of glycerule, is the principal 
ingredient of the fixed oils, excepting the drying oils. It occurs 
in smaller quantity in animal fats, probably in large quantity in 
liquid animal oils ; also in bile along with stearic acid ; and in the 
seeds of cocculus indicus. 

To obtain oleic acid, almond oil must be preferred, as contain- 
ing more of it than olive oil, or the fluid portion of animal fats. 
Tile drying oils, according to Redtenbacher, contain a distinct acid. 

Oil of almonds is saponified, and the soap decomposed by an 
acid. The resulting oily acid is digested in the water-bath for 

rend hours with half its weight of oxide of lead. The mixture 
is then agitated with twice its volume of ether, and left for twenty- 
four hours. The ether dissolves aeid oleate of lead, leaving un- 
largarate of lead. The clear ethereal solution is now 
mixed with diluted hydrochloric acid, when the oleic acid is sepa- 
rated, and rises to the surface dissolved in ether. The ether is 
removed by gentle evaporation, and the oleic acid again saponified 
by soda. The soap is now purified by being repeatedly dissolved 
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in solution of soda, and separated by the addition of commoD salt, 
by which means it may be rendered colourless, or nearly bo. The 
purified soap yields oleic acid hardly coloured, which is washed 
with water to remove free mineral acid, and deprived of water by 
the beat of the water-balh. 

Oleic acid thus prepared is an oily liquid, having a slight smell 
and a pungent taste. It is decidedly acid to test paper, lighter 
than water, and crystallizes in needleH when cooled some degrees 
below 32". It is insoluble in water, soluble in alcohol and ether, 
miscible with oils and fats. 

It is decomposed by heat, yielding sebacic acid and other pro- 
ducts. Nitric acid converts it into suberic acid and several other 
acid products; but docs not produce any oxalic acid. By nitrate 
of mercury, or nitrous acid, it is converted into elaidic acid. Of 
all the oily acids, it is the most cosily decomposed. 

SALTS OF OLEIC ACID. 

Oleic acid decomposes the alkaline carbonates, forming with 
potash and soda soft soaps. The formulfe of the oleates are not 
yet determined with certainty. 

Oleate of Ammonia. — A gelatinous mass, soluble in cold water. 

Oleate of Oxide of Elkule. — A colourless, tasteless, inodorous, 
oily liquid, of sp. g. 0'8T1, volatile, easily decomposed by an 
alcoholic solution of potash. In contact with nitrate of mercury, 
it is converted into elaidate of oxide of ethule. (Laurent.) It may 
be distilled with little change. Probable formula, C„Il3gO^,AeO. 

Oleale of Oxide of Melhule. — Analogous to the preceding. 

Oleate of Oxide of GlyctruU. — Syn. Oleine, Unknown in a 
state of perfect purity. It is an ingredient in almost all oils and 
fats, in which it is mixed or combined with stearate or margarate 
of oxide of glycerule, or both. When these oils are subjceteJ to 
pressure at a low temperature, the more fluid portion is impure 
oleine, generally containing in solution some compound of oleine 
with stearine or margarine. 

According to Kerwyk, a tolerably pure oleine may be obtained 
from olive oil, by agitating 2 parts of the oil with 1 of a strong 
solution of caustic soda, and then adding weak alcohol, when the 
unsaponified portion rises to the surface. It is washed with weak 
alcohol, and dried by fragments of chloride of calcium. Wjien 
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animal fat is boiled with alcohol, ibe hot liquid deposits on cool- 
ing atearinc and margarine, retaining olcine in solution ; and, by 
repeating thia process, it may be got nearly pure. 

According to Pelouze and Boudet, the fluid part of fiit oils 
contains two compounds ; and the oleine of drying oils is distin- 
guished by the action of nitrous acid. This acid converts the 
oleine of fiit {not drying) oils mto a solid mass — elaidate of oxide 
ofglycerule, or elaidine ; while it has no apparent action on the 
oleine of drying oils. 

'I'he physical properties of oleine are similar to those of almond 
oil. Its Bp. g, is 0-90 to 0'92. It is converted by alkalies into 
soap, with the separation of glycerine. By the action of heat 
or of nitric acid it is converted into the same products as oleic 
acid, with the addition of the products yielded by glycerine. It 
absorbs oxygen from the air, and becomes thick. It congeals 
when exposed to a very low temperature. 

Oleale of Potash. — a. Neutral. This compound is formed by 
heating equal weights of oleic acid and potash with 5 parts of 
water. It separates from the liquid as a soft mass, which is puri- 
fied by solution in alcohol, and evaporation to dryness. It forms 
a white, dry, friable mass, of a bitter alkaline taste. It forms 
with 2 parts of water a jeliy ; and dissolves in 4 parts of water, 
forming a viscid, soapy solution. When the soap made from mut- 
ton suet is treated with water, as described under stearic and mar- 
garic acids, whereby acid stcarate and mazgarate of potash are 
precipitated, and when the process has been repeated till water 
causes no further turbidity, the filtered liquid contains oleale 
of potash or soda nearly pure. From the salt thus made, the 
oleic aeid of Chevreul was prepared. The solution of oleate of 
potash precipitates most of the earthy and metallic salts. 

b. Acid. This salt is formed by heating 100 parts of oleic 
acid, about 9 of potash, and 400 of water together. It forms a 
jelly, insoluble in water, but soluble in alcohol. 

Oleate of Soda. — The neutral salt is formed like that of potash, 
wiich it much resembles. 

The oleales of the earths and metallic oxides are insoluble in 
water, fusible when heated, and soluble in alcohol. 

Oleate of Lead is obtained pure by precipitating acetate of 
lead with impure oleate of potash or soda, made from almond oi 
olive oil, and digesting the precipitate with its own weight of 
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etlier, which leaves unttisaolved mnrgaratc and stearate of lead. 
The oleate of lead softens by ihe heat of the hand, and has 
all the properties of a plaster. Oleic acid forms with oxide 
of lead, besides this neutral oleate, an acid and a basic salt, which 
are also plasters. 

OS THE COMPOSITION OF OLEIC ACID. 

It has already been mentioned, that Chevreul obtained from 
the oleic acid of mutton suet, a different forninla from that adopted 
fay Varrentrapp in his recent researches for the oleic acid of oil 
of almonds and of ox tallow. The differenees in their results are 
so considerable, as to render it probable that they examined dif- 
ferent acids. For example, Chevreul found in the oleate of baryta 
3,2'i)t p. c. of baryta ; while the salt of baryta analysed by Var- 
rentrapp contained only 18'S8 p. c. But there is reason to 
doubt the perfect accuracy of Chevreiirs formula, even supposing 
the acids to be different, from the occurrence in it of a half equi- 
valent of hydrogen. 

There can be little doubt of the accuracy of Varrentrapp's for- 
mula for the acid analysed by him ; for not only was the acid 
quite free from stearic and margaric acids, but in ten analyses he 
obtained numbers closely agreeing with his formula; and these 
analyses were made on oleic acid from different preparations, both 
as Grst obtained, and after its saponification or combination with 
bases, and subsequent separation. Moreover, the analysis of the 
oleate of oxide of elhule agrees closely with Varrentrapp's for- 
mula, C^^Hgf,0^,AeO i and the same remark applies to the ana- 
lysis of the oleates of baryta and silver. 

Further experiments are still required to complete our know- 
ledge of the true constitution of oleic acid. 

ACTION OP HEAT OH OLEIC ACID. 

When oleic acid is heated, it boils at a high temperature, and 
is thereby decomposed, yielding solid, liquid, and gaseous pro- 
ducts. The gaseous products are carbonic acid and carburetted 
hydrogen. The liquid portion contains a little nndecomposcd 
oleic acid, with several liquid carbo-hjdrogens, the boiling point 
of which varies from 320" to 526". The solid product, which is 
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most abundant in the first stage of the diatillation, is a new acid 
discovered by Tlienard, and called by him Sebacic Acid. 'I'hia 
acid is a characteristic product of the distillation of oleic acid from 
every source, including that from drying oils, and of all fats con- 
taining a liquid acid. 

SEBACIC ACID. 

Formula of the anhydrous acid, CidHjOj. Fomiula of the 
hydiutedacid, C,oHB03,HO = Sb,HO. (Dumas. Redtenbacher.) 

To obtain it, the whole liquid and solid products of the dis- 
tillation of oleic acid, oleine, oils, or fats, are boiled with water as 
long as that liquid deposits anything on cooling. The crystals 
are washed with cold water, and crystallized from hot water till 
they become colourless, and free from cmpyrcumatic smelt. 

Hydrated sebacic acid forms light, white, pearly scales, very 
like benzoic acid. They melt at 260° to an oily liquid ; and at a 
higher temperature sublime unchanged. It is sparingly soluble in 
cold water ; very soluble in hot water, alcohol, and ether. 

SALTS OF SEBACIC ACID. 

The cold aqueous solution of sebacic acid causes a white pre- 
cipitate in the salts of lead or silver. The general formula of the 
Rebates is §b,MO, 

The Sebales of Potash, Soda, and Ammonia, are very soluble 
and crystalliaable. Their solutions precipitate the salts of lime, 
forming sebate of lime. Sb,CaO. (Redtenbacher.) 

Sebate af Silver, Sb.AgO, is a white, curdy precipitate, which, 
■when heated, leaves 5V6i p. c. of metal, and yields a sublimate 
resembling sebacic acid. 

Sebate of Oxide of Etkule. Sb,AeO. Prepared like the 
ethers of the oily acids generally, by passing hydrochloric acid 
gas through a solution of the acid in alcohol, and adding water, 
which separates the new compound. A mobile oily liquid, hav- 
ing a fragrant smell of melons ; crystallizable at 16°, and volatile at 
a temperature above 212°, 

The presence of sebacic acid among the products of the dis- 
tillation of any oil or fetty substance may be considered as positive 
proof of the presence in that oil or fat of oleic acid, or of a liquid 
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acid closely analogous. Even tKe drying oils, although the oleic 
acid they contain appears to be distinct, yield sebacic acid when 
distilled; while, on the other hand, those oily acids which are 
solid at ordinary temperatures, such as stearic, margaric, or sericic 
acids, do not yield the aniallest trace of sebacic acid. To ascer- 
tain, then, whether an oil, a fat, or an oily acid, contains oleic acid 
tinder any of its forms, distil a small portion of it, and boil the 
product with water. If the filtered liquid deposit crystals on 
cooling, then oleic acid has been present in considerable quantity. 
If, again, the liquid deposit nothing, but has acquired the pro- 
perty of precipitating the salts of lead, oleic acid has been present 
in smaller quantity. But if the water have dissolved nothing, no 
oleic acid has been present. This is a test of great delicacy, for 
which we arc indebted to Liebig and Redtenbaclier. 



ACTrON OF NITROUS AND NITRIC ACIDS ON OLEIC ACID. 

1. Action of Nitrate of Mercury, or of Nitrou» Acid. 

By the action of nitrate of mercury, and more especially by 
that of nitrous acid, oleic acid is converted into a new acid, solid 
at ordinary temperatures, to which the name of Elaidic Acid has 
been given. (Poutet. Boudet. See below, Action of Xitric and 
Nitrous Acid on Oils.) 

Elaidic Acid. — To prepare it, a current of nitrous acjd, as dis- 
engaged from a mixture of starch and nitric acid by heat, is passed 
for four or five minutes through pure oleic acid at a low tempera- 
ture. After a short time the liquid congeals into a crystalline mass. 
This is washed with hot water to remove nitric acid, and then dis- 
solved in its own volume of hot alcohol. On standing, this solu- 
tion forms a semi-solid mass of crystals, which are purified by pres- 
sure and rccrystallization. (Meyer.) 

Hydrated elaidic acid, thus prepared, resembles sublimed ben- 
zoic acid. It melts at 113°; is eitremely soluble in alcohol, less 
so in ether, insoluble in water. When distilled, a great part 
passes over unchanged ; but the product, when boiled with water, 
yields a solution which precipitates the salts of lead and silver, 
but deposits no crystals. (Meyer.) 
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Ekidic acid decomposes the alkaline carbonates, 
which, with 6 to 8 parts of water, yield strong soapy solutions, 

NevtTal Elaidate of Soda is soluble in alcohol, and crystallizes 
like the acid. Its solution in water when diluted, deposits an 
acid salt, like stearatc and margarate of soda, 

Elaidate of Silver is a white cutdy soap, which may be ob- 
tained iu crystals from its solution in aqua ammonise. 

Etaidates of Lead and Baryta are both white and insoluble. 

Elaidate of Oxide of Elhule, prepared by the same process as 
the other fatly ethers, is an oily liquid, which is decomposed by 
alkalies. (Laurent. Meyer.) 

Elaidate of Oxide of Glyceruk Syn. Elaidine. This is the 

compound produced when oleine (oleate of oxide of glycerule) ia 
acted on by nitrous acid or nitrate of mercury. (See Action of 
Nitrous Acid on Oils and Fats.) 

ON THE COMPOSITION OF ELAIDIC ACID. 

The production of elaidic acid from oleic acid is still unex- 
plained, as it is accompanied by other products not yet suft- 
" mtlj studied. Among these is a dark red viscid oil, soluble in 
potash with a blood-red colour, but not forming a soapy solution. 
(Meyer.) 

Laurent observed that oleate of oxide of ethule was ehanged by 
nitrate of mercury into elaidate of oxide of ethule, and attributed 
the change to a simple absorption of oxygen from the nitric or 
nitrous acid. According to that chemist, oleic and elaidic acids 
are oxides of the same radical. Thus, 

Hjdraled oleic acid . = C,(,HooOj,2HO, 
Hydtalad eliidic acid ^ C,oHji,0,,aHO. 

But, however simple this explanation appears, it cannot at present 
be adopted. Neither of tlic acids analysed by Laurent was pure ; 
for his elaidic acid melted at 108°, instead of 113°; and his oleic 
acid had been distilled, which, as formerly mentioned, cannot be 
done without decomposition. Moreover, his explanation does not 
include the red oil above-mentioned, or any other product. 
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Meyer obtained in his recent analysis of elaidic acid, prepared 
from perfectly pure oleic acid, results indicating the following 
fonnulse : 

Anhydrous elaidic acid, Cj^^ee^a- 
Hydrated elaidic acid . C,aH<|<|0a,2H0. 

And the analysis of the elaidates of silver and of oxide of ethule 
agreed closely with these numbers. Boudet^s analysis of the salt 
of silver, made with an acid which melted at 113°, like Meyer^s, 
had given the same result. Meyer has also shown, that when 
oleic ether is converted into elaidic ether, the same reddish oil is 
produced as when oleic is converted into elaidic acid. 

If from 2 at. of oleic acid, according to the analysis of Var- 
rentrapp zz CggHgoQiQ, we subtract 1 at. of elaidic acid, hydrated 
(Meyer) =: CygHggO;, there remain the following numbers — 

CifiHigOj ; in which we find carbon and hydrogen in 
the same proportions as in acetule, C4H3 : so that, by oxidation, 
acetic acid might be formed along with elaidic acid. This, how- 
ever, has not been shown to occur. 

The yellow or red oil above-mentioned seems to be an essen- 
tial accompaniment of the production of elaidic acid. It appears 
to contain deutoxide of nitrogen or nitrous acid ; which explains 
the circumstance that no other oxidising agent, except nitrate of 
mercury or nitrous acid, can convert oleic into elaidic acid. 

2. Oxidation of Oleic Acid by Nitric Acid. 

The action of colourless nitric acid on oleic acid has been 
studied by Laurent, who has discovered among the products a 
series of new acids, of which one alone, namely suberic acid, was 
previously known to chemists. Bromeis has recently repeated his 
experiments, and confirmed most of his results. As the experi- 
ments of both, however, were made on impure oleic acid, con- 
taining margaric, and perhaps stearic acid, it is impossible at 
present to ascribe the origin of all these new compounds to the 
oleic acid alone. 

In this action, nitric acid of sp. g. 1*42, previously diluted with 
its volume of water, is employed. If concentrated, the action is 
almost explosive. Even with the diluted acid it is at first very 
violent, but afterwards becomes regular and moderate; and with 
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the ftid of heat, and a proper supply of nitric acid, the oleic acid 
18 at last entirely dissolved. The vapours of nitric and nitrous 
acids, which distil over during tlie process, carry with them a 
small quantity of an oily fluid, wliich attacks the organs of respira- 
tion, having a most pungent sinell. 

The solution when completed, and wlien margaric acid is no 
longer deposited on cooling, contains the following acids: suberic 
aeid ; azelaic acid ; pimclic acid; adipic acid; lipic acid; and an 
oil soluble in nitric acid. Suberic acid is the most abundant 
product. 

The acid solution is evaporated to one-half, and on cooling de- 
posits a mass of crystals, which are placed to drain in a funnel 
stopped with asbestus, and washed with cold water. They are 
suberic acid. AVhen dissolved in hot water, there generally sepa- 
rates an oil or fat, soluble in nitric add, insoluble in water. 
When purified by crystallization from alcohol, it forms an oily 
acid, fusible at 86°, and soluble in alkalies with a blood-red 
colour. 

According to Bromeis, the suberic acid thus obtained is pure ; 
but Laurent found it contaminated with azelaic acid, which resem- 
bles it in appearance, but may be separated by ether, in which the 
latter is very soluble. The formula of azelaic add, according to 
Laurent, is C|oHgOj,HO; difiering from suberic acid by contain- 
ing 1 at. of oxygen and 1 at, of hydrogen more. But, as it con- 
tained suberic acid, this formula is doubtful. The difference in 
the results of Laurent and Bromeis probably depends on the fact, 
that the oleic acid of the former contained margaric acid, while 
that of the latter contained stearic add. 

Pimelic Acid. — Formula, CjHjOjjHO. (Laurent. Bromeis.) 
The liquid which has deposited the suberic acid is further eva- 
porated, and allowed to stand for some time, when it deposits more 
suberic add in light soft crystals, and pimelic acid in hard crystal- 
line grains. These are first washed with cold water and cold alco- 
hol, which remove most of the suberic acid, and purified by re- 
peated solution in hot water and crystallization. It melts at 273°, 
and at a higher temperature sublimes in fine pearly scales. 

Pimelate of Silver, CjHjOjjAgO, is white and insoluble. 

Adipic and Lipic Acids. — The mother liquid of the preceding 
adds is very gently evaporated, and set aside for some days. 
Crystals are deposited, and the liquid remaining is treated in the 
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same way as long as it yields any crystals. Tlie crystals are col- 
lected and purified by solution in hot water, when some of the 
oil formerly mentioned separates. On cooling, the solution de- 
posits brownish crystals of adipic and lipic acids. They are dis- 
solved in ether, and the solution allowed to evaporate to one-half. 
Crystals are formed, and the mother liquid, by further evaporation, 
yields more. The two portions are separately boiled with alcohol, 
and there is obtained on the one hand adipic acid in rounded 
grains, and lipic acid in fine long plates. Both ate purified by 
re crystallization. 

Adipic Acid forms round or heraispherical radiated masses, of 
a brownish colour, very soluble in hot water. It melts at 266°, 
and may be sublimed unaltered. All its salts, except the adipatc 
of silver, seem to be soluble. According to Laurent, the anhy- 
drous acid is CgHjOj ; and the hydrate, CjH^OjjHO. Accord- 
ing to Bromeis, the acid melts at 293°, and its formula is C^Hj 
0,,2H0 ; being thus a bibasic acid, derived from 3. at, of pimelic 
acid, by the replacement of 1 eq. hydrogen by 1 eq. oxygen. 
The acids analysed by Laurent and Bromeis may really be dis- 
tinct, although in most properties they agree. 

Lipic Acid cryBtallizes in long plates, and from alcohol the 
crystals are particularly fine. It is more soluble in water than 
adipic acid ; and resembles oxalic acid, of which latter, however, no 
trace is formed in the process. It is fusible at 230°, and sublimes 
without change in crystals. Formula, CjHjO^jHO. (Laurent.) 

There generally remains more or less of an oily liquid on the 
Burikce of the nitric acid, with which oleic acid has been boiled 
till with an excess of acid no farther action is observed. Accord- 
ing to Laurent, if this liquid be boiled with alcohol and sulphuric 
acid, it yields an ether, which he considers to be a compound of 
oxide of ethtile with another new acid, azoleic acid. By decom- 
posing the ether, he obtained the acid as an oily liquid, the for- 
mula of which he considers to be CjjHjjO^. But, as there is no 
evidence of its purity, its existence and formula as a separate acid 
arc alike doubtful. According to Bromeis, the oily liquid above- 
mentioned contains several oily acids ; one of which, when the oil 
is digested with alcohol, readily forms an ether, which seems to be 
butyrate of oxide of ethule. 

Laurent states, that when equal weights of oleic acid and nitric 
acid are heated together, and tlie residue well washed and treated 
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^^^H with alcohol, cenaotliic ether is obtained, indicating the formation 

^^^1 of cenanthie acid. But, according to Bromcis, the ether thus ob- 

^^^H taincd has not the composition of o:nanthic ether ; and althougli 

^^^H its smell is similar, this property may belong to butyric ether, 

^^^1 and the ethers of other fatty acids. As butyric and pimelic acids 

^^^1 agree in composition, except that the former contains 1 eq. hydro- 

^^^H gen more, the occurrence of butyric acid is more probable, 
^^^r The acid liquid whicli has deposited the pimelic, adipie, and 

P lipic acids, still contains a very soluble acid, not further examined. 



ACTION OF ALKALIES AT A HIGH TEMPERATURE ON 
OLEIC AND ELAIDIC ACIDS. 

"When these acids are heated with 3 volumes of strong alkaline 
ley till the water is dissipated, and the alkali begins to melt, a 
violent effervescence occurs, owing to the escape of free hydrogen 
gas. Water is here evidently decomposed, its oxygen uniting 
with some of the elements of the oily acids. The alkali is found 
to be united with a new acid, and with acetic acid. If the mass 
be acted on with a little water, the salt of the new acid separates 
as a soap. 

The oily acid of this soap is separated and purified in the usual 
way. It crystallizes from alcohol, melts at US", and is friable. 
Oleic and elaidic acids yield the same new acid. According to 
Varrentrapp, its discoverer, its formula is CjjHjDOg.HO. This 
explains its formation : for if from 

1 at. oleic acid . . , CjjHjjO, we subtract 
1 at. of the new acid . C.^HaoOa 



Now CjjHgO +Os-3(C4H50a), that is, 3 at. acetic acid. The 
8 at. of oxygen are obtained from water, and 8 at. of hydrogen dis- 
engaged. Again, 1 at. of elaidic acid (C,jHjgOj) + 7 at. of oxy- 
gen contain the elements of 2 at. of the new acid, and 2 at. of 
acetic acid. These are additional proofs of the accuracy of the 
formulce of Varrentrapp and Meyer for oleic and elaidic acids. 



ACIDS OF CASTOR OIL. 

When castor oil is saponified, the soap yields a mixture of two 
oily acids ; one solid at ordinary tempetatiues, the other liquid. 

The former melts at S66°, forms Boaps with alkalies, and has 
been called Margaritic Acid. Formula, CjjHjiOj ? (Bussyand 
Lecanu. Laurent.) 

Tlic latter eongeala at &l". Its properties and composition may 
be considered unknown. 

Castor Oil. — This oil is a mixture of the compounds of oside 
of glycerule with the acids last mentioned. One of these oils is a 
fusible margarine or fat, the other liquid. Both differ from ordi- 
nary margarine and oleine. 

Castor oil is extracted from the seeds of Ricinus communis. It 
is, when pure, pale, viscid, and nearly devoid of taste or smell. Its 
uae as a purgative is well known. It ia completely soluble in its 
volume of absolute alcohol, which furnishes the means of detecting 
its adulteration with other oils. By nitrous acid it is slowly eon- 
verted into palmine, a substance analogous to elaidine, but differ- 
ing from it. 

APPENDIX TO THE OILY ACIDS. NATURAL FIXED OILS 
AND FATS. 

The term fixed oil, or fat, in general signifies a compound of 
oxide of glycerule with certain organic acids. Such compounds 
are exclusively natural products, not one having as yet been form- 
ed artificially. 

Among animals they occur chiefly in the cellular membrane; 
among plants in the seeds, capsules, or pulp surrounding the seed; 
very seldom in the root. They all, when fluid or melted, make a 
greasy stain on paper, which is permanent. They are decomposed 
by acids, which combine with or destroy the oxide of glycerule ; 
and by alkalies, which unite with the acids, setting free the oxide 
of glycerule. The latter process is called saponification, because 
the compounds of the oily acids with alkalies have the properties 
of soap. 

The most abundant oils and fats are compounds of oxide of gly- 
cerule with stearic, niargaric, and oleic acids ; two of these, and 
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often all tbree, being present. Indeed, neither stearate, margaiatc, 
nor oleate of oxide of gljcerule is yet known in a state of purity. 
From what has been said of these three compounds, which for 
brevity we shall call stearine, margarine, and olcinc, the consistence 
of the oil or fat depends on the predominance of one or other. 
Where stearine predominates, the fat is firm and solid ; if marga- 
rine be most abundant, it is soft, like lard ; while, if oleine pre- 
dominate, it is liquid. It is obvious that a mixture of stearine 
and oleine in certain proportions will have the consistence of 
margarine. 

Fixed oils and fats are generally inodorous. Where they pos- 
sess a peculiar smell, this is always owing to the presence of a com- 
pound of oxide of glycerule with a volatile oily acid, such as buty-* 
ric or hircic acid. 

Fats arc more fusible than the acids they contain ; but at low 
temperatures they are harder. By pressure between warm plates, 
the greater part of the oleine of fats may be separated. The re- 
maining fat is harder, less fusible, and less greasy, in proportion as 
it approaches to pure stearine. At low temperatures the oils as- 
sume exactly the aspect of fats. The solid parts of fats and oils 
are sometimes nearly pure stearine or margarine ; in other cases 
they jire definite compounds of stearine or margarine with oleine. 
Such is the case with the solid part of olive oil, and with the but- 
ter of Theobroma cacao. 

Oils and fats may be divided into two well-marked classes, ac- 
cording to the action of atmospherical air, or of nitrous acid and 
nitrate of mercury, on them. 

The first of these classes contains the drying oils ; so called, be- 
cause, when exposed to the air, they absorb oxygen, and are con- 
verted into a transparent, tough, dry mass, or varnish. The dry- 
ing oils, moreover, are not solidified by nitrous acid or nitrate of 
mercury. 

Of the nature and constitution of the drying oik, but little is 
known. They may be saponified by alkalies, but the acid of these 
soaps is different from ordinary oleic acid, and dries in the air, like 
the oil from which it is obtained. They also contain oxide of gly- 
cerule. Many of the drying oils contain stearine or margarine, of 
both, dissolved. 

The second class, which may be called that of the fat oils, con- 
tains those oils and &ts which do not dry on exposure to air, and 
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wliich, when Jiquid at onlinary temperatures, are solidified by ni- 
trous acid or Ditrate of mercury. 

Owing to the impuritiea which oils and fats iu their natural state 
contain, such as membrane, mucus, or albumen, and which act like 
yeast in promoting chemical action, most of them, when liept, be- 
come rancid, as it is called. This change is produced by the ab-. 
sorption of oxygen in part; while the oily acids are set free, and J 
sometimes, as in palm oil, oxide of glycerule ia liberated. The 
rancid smel! is owing to the production, at tlie expense of the ele- 
ments of the oxide of glyeerule, the impurities, and the oxygen of 
the air, of a volatile body which appears to be acid, as alkalies re- 
move it. Pure stearine, margarine, and oleiue do not become 

ACTIOS OF HEAT ON OILS AND FATS. 

The action of heat on oils is very remarkable. At a high tem- 
perature they boil, giving oS carbonic acid with a little iutiamma- 
ble gas, and a substance, acrotnne, possessed of a most pungent 
odour, attacking the eyes most painfully. They acquire a darker 
colour, and on cooling generally assume the consistence of butter 
or lard. Oils when distilled become more soliil, fills less solid. 

When the drying oils are heated, they become thick and viscid, 
and afterwards dry much more rapidly than before. Hence the 
advantage of boiling oils intended for oil varnish. 

When the fixed oils and fats are distilled, they yield, besidea 
carbonic acid and inflammable gas, a crystalline product, principally 
margaric acid, mixed with sebaeic acid, arising from the oleic acid, 
acroleine, proceeding from the oxide of glycerule, and an oily 
liquid, insoluble in alkalies, which is commonly a carbo- hydrogen. 
A portion of oleic acid also distils unchanged. The first half of the 
product is solid, owing to the predominance of margaric acid ; the 
second half liquid. No stearic acid is found in either ; it is con- 
verted into margaric acid. 

It has already been stated that the sebaeic acid arises exclusively 
from oleic acid, whether from fat or drying oils, with the exception 
of castor oil, which does not yield it. Stearic and margaric 
acids, as well as pure stearine and margarine, do not yield a 
trace of it. 

On the other hand, none of the known oily, or fat acids, i 
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distilled alone, yields the smallest trace of acrolciiie, the substance 
to which is owing the insupportably pungent smell of distilled oils 
or fats. We can only, therefore, ascribe the origin of acroleinc 
to the action of heat on oxide of glycerulc ; and, in point of fact, 
hydrated oxide of glycerule (glycerine), when distilled alone, 
yields it in large proportion. Hence the occurrence of acroleine 
among the products of the distillation of a fat or oil is a sure and 
delicate test of the presence of glycerine in the oil. 

When the products of the distillation of lard or olive oil are 
collected in a series of well-cooled bottles containing water, tho 
second and third bottles contain the greater part of the very vola- 
tile acroleine, partly dissolved in the oily liquid on the surface, 
partly in the water below. If the water be again distilled, it 
yields an oil, soluble in water, and having in the highest degree the 
insupportable smell of acroleinc. Acroleine is unknown in a state 
of purity ; and is remarkable for the rapidity with whicli it absorbs 
oxygen from the air, becoming acid. Even in close vessels its 
solution is decomposed, yielding a tasteless, inodorous, and very in- 
different white solid, not resembling fet, and insoluble in all men- 
strua yet tried. No compound of acroleine has yet been formed 
from which it can be again obtained. This remarkable substance 
requires an especial study. 

Castor oil, so peculiar in other respects, yields also peculiar pro- 
ducts when heated. Among the products are acroleine, an oil in- 
soluble in alkalies, and some peculiar fatty acids. When about 
one-fifth of the oil has been decomposed, the residue in the retort 
suddenly consolidates into a spungy elastic yellow mass, insoluble 
in all menstrua except strong alkalies, with which it forms a viscid 
solution. 

The oil, insoluble in alkalies, contains a solid and a liquid com- . 
pound. The fatty acids obtained are two ; one solid and volatile, 
the other liquid; both as yet little examined. No sebacic acid 
occurs in this process. 

When castor oil is distilled with nitric acid a volatile acid is pro- 
duced, possessing the formula CnHuOj H-aq. This formula dif- 
fers from that of the oinanthic acid by I at. ox_vgen. 
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When fixed oils are introduced drop by drop into red-hot ves- 
sels, they are almost entirely converted into volatile products. 
Of these a large portion consists of permanent gascB, — carbonic 
ojtide, marah gas, and olefiant gas, — mixed with the vapours of 
several very volatile liquids. This mixture is oil gna. Owing to 
the presence of olefiant gas, and of the vapours above-mentioned, 
its illuminating power ia twice that of the best coal gas, and three 
and a half times that of ordinary coal gas. But this difTcrcnce is 
barely sufficient to cover the increased expense of the oil employ- 
ed, even when of the coarsest quality. The sp. g, of the best oil 
gaa is 0-900. 

IVhen oil gas is strongly compressed, as in the process for ren- 
dering it portable, the vapours above-mentioned are liquefied. 
Faraday, who examined the liquid, discovered in it several com- 
pounds of carbon and hydrogen. One of these is pure benzoic 
{see Benzole). Another is liquid at 0° or — 1", but gaseous at 
SS.". It has the same composition in 100 parts as olefiant gas, but 
twice the density. Hence its formula is double that of olefiant 
gas. It has been named quadro-caiburetteil hydrogen. The mix- 
ed liquid appears to contain another volatile substance, which, like 
the benzole, crystallizes at low temperatures, the exact composi- 
tion of which is not sufficiently known ; and in the less volatile 
portion, another liquid, having apparently the composition, in 100 
parts, of olefiant gas. The great illuminating power of oil gas is 
owing to the presence of the vapours of these carbo-hydrogens. 
For details, the reader is referred to the Memoirs of Faraday in 
the Philosophical Transactions. 

ACTION OP SIMPLE SUBSTANCES ON FIXED OILS. 

The action of oxygen has been already mentioned, The fixed 
oils are decomposed by chlorine and bromine, yielding hydro- 
chloric and hydrobromic acids, along with other products not yet 
examined. They generally dissolve iodine, forming a brown solu- 
tion. They also dissolve sulphur and phosphorus, and such solu- 
tions are occasionally used in medicine. When strongly heated 
with sulphur, the oils undergo a change not yet investigated. The 
mixture thus formed, is colled balsam of sulphur. For use it is 
dissolved in oil of turpentine or oil of aniseed. 






ACTION OF ACIDS ON FIXED OILS AND FATS. 

1. ACTION OF SULPHURIC ACID. 

The oils are decomposed by strong sulphuric acid. If the 
quantity of acid be email, it combines with the oxide of glyce- 
rule, setting free the oily acids. But when more acid is used, 
very remarkable changes occur, which have been studied by Fremy 
in the case of olive oil. 

When sulphuric acid is gradually added in the cold to twice its 
volume of olive oil, bisulpliate of the oxide of glycerule is formed 
on the one hand, and on the other compounds of sulphuric acid 
with margaric and oleic acid. The mixture becomes tough ; and, 
if mixed after twenty-four hours with two volumes of water, the 
sulphates of the oily acids, being insoluble in the diluted acid, rise 
to the surface as a syrupy liquid. This mixture, when freed from 
adhering acid by washing with a little cold water, dissolves in a 
larger quantity of water. The sulphate of margaric acid has not 
yet been separated from that of oleic acid; but the solution con- 
taining these compounds is decomposed when kept, or when heat- 
ed, yielding five new acids. (Fremy.) 

When the solution is long kept at ordinary temperatures, the 
sulphuric acid separates ; a mixture of two new acids, metamar- 
garic and metoleic acids, rises to the surface ; and a third, hydro- 
margarilic acid, remains dissolved in the. water along with the sul- 
phuric acid. If the original solution be heated, there rises to 
the surface a mixture of these three acids, with a fourth, hydro- 
leic acid ; and, when this mixture is boiled with akoliol, there is 
deposited on cooling a fifth acid, hydromargaric acid, whicli ap- 
pears to be formed by the mutual action of metamargaric and liy- 
dromargaritic acids. (Fremy.) 

Metamargaric Acid. — Symb. mMr, 8H0 ? The mixture depo- 
the cold by the above solution is exposed to strong pres- 
sure to separate the metoleic acid, and the residue purified by crys- 
tallization from alcohol, m which the hitter acid is sparingly solu- 
ble. Metamargaric acid is a white solid, fusible about IIS", and 
crystallizmg on cooling It i& insoluble in water, soluble in alco- 
hol and ether 

When heated nith o\ide of lead, it loses S at. of water, which 
appear to be replaced by 2 at of oxide, — a very unusual c 
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if confinned. Its salts have been little studied ; but it seems to 
form with potash, soda, and ammonia, neutral and acid salts, the 
former gelatinous, the latter soluble in alcohol and crjrstallizable. 

Hydromargaritic Acid.—Symh. hMt, ^q. ? When the solu- 
tion above-mentioned has ceased to deposit any more metamargaric 
and metoleic acids, it is boiled, when a mixture of hydromargaritic 
and hydroleic acids rises to the surface. Cold alcohol removes the 
latter, and leaves hydromargaritic acid as a white solid, insoluble 
in water, but soluble in alcohol and ether. It forms colourless 
prisms, which are friable, and melt at 155^ By heat it is resolv- 
ed into water and metamargaric acid. Its salts resemble those of 
the preceding acid, but are as yet little known. 

Hydromargaric Add. — Sjrmb. hMr,2H0. This add, as 
already stated, is formed when the mixture containing the two 
preceding acids, along with the two remaining ones, is boiled in 
alcohol. On cooling, the new acid is deposited in crystals. It is 
best obtained by melting together 1 equivalent of the two preced- 
ing acids, and crystallizing the mass from alcohol. It generally 
crystallizes in large hemispherical masses, is much more soluble 
than the two acids from which it is formed, and melts at 140°. It 
forms a series of salts, which, although analogous, are quite distinct 
from those of the preceding acids. By the action of heat it yields 
metamargaric acid. 

ON THE COMPOSITION OF THE THREE PRECEDING ACIDS. 

Fremy, the discoverer of these acids, has proposed a very simple 
explanation of their formation. Adopting for margaric acid the foiv 
mula CyoHggOg, he considers metamargaric acid to be formed from it 
by the assimilation of the elements of two at. water ; and its formula 
will be C70H73O12 = C7oH7iOio,^HO. But not only is the formula 
thus adopted for margaric acid irreconcileable with the analyses of 
Varrentrapp, but the analyses of the new acids by Fremy do 
not sufficiently support his formulae. Fremy adopts for hydromar* 
garic acid the formula C7oH7,Oio, and considers it as formed from 

1 at. metamargaric acid = ^ro^rs^is 
+ 1 at. hydromargaritic acid = C^oH^oOg 

— 1 at. of water . = H O leaving 

2 at hydromargaric acid =C 1 4 qH ^ 4 9O3 ^ 
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But if the preceding formula lie erroneous, this cannot be n correct 
account of its production. 

If we consider hydromargaritic acid a bibasic acid, and deduce 
its compoaition from its analysis as contiined in the salt of silver, 
we obtain the formula C^^H^Om ; and for the hydrate C,,HfoO,j. 
If now we subtract 2 at. of carbonic acid and 2 at. of water, there 
remain C,EH;,Ofl ; proportions which agree much more closely with 
the numerical results of Fremy'a analysis of the anhydrous meta- 
roargaric acid than the fonnuJa which he has adopted, namely, 
C^nHjfOg ; and which, moreover, explain the conversion of hydro- 
niargaritic acid into metamargaric acid by the action of heat. With 
regard to hydromargaric acid, the analysis of Fremy may be better 
interpreted by the formulae CjjHjsOg for the dry, and C,,HjfO,, 
for the hydrated acid, than by those lie lias chosen. If we take 
the formula of the hydrated acid, on this supposition, and dou- 
ble it, 

wehave . . . C,j,n,,jO„, andifwe 

sublracl 1 Bt. matanmrgoric atiJ = C,j H,. O^ 

and I nl. hydromnrgaritio acid = C,^ H,, 0,„ 

there remaia 6 al. of water . Hg O, ; Go that 

the production of this acid from the other two may be as easily 
explained as on Fremy''s view. Hitherto, however, the atomic 
weights of these acids, as deduced from their salts, agree with nei- 
ther of the above views. 

The more recent researches of Varrentrapp and Miller have 
thrown some doubt on the exactness of the numerical results of 
Fremy, on which both the above views are founded. According 
to Miller, both hydromargaric and hydromargaritic acids become 
solid about 35° below the point at which they rack; a fact which 
excites the suspicion that they may both be mixtures of two dis- 
tinct compounds. 

Berzelius has proposed a third view of the composition of these 
acids, also founded on the analysis of Fremy. He assumes the 
existence of a radical, piotine = CgsH^j. Calling this =: R„ 
we have 

RgOg ^ metamargaric or piotinous acid. 

RgO, ^ hydromargaric or h;popiotmic acid. 

RgO„ = hydromargaiitic or piDlinic acid. 

The resulting formida;, when calculated to 100 parts, agree most 
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exactly with the actual numerical results of Fremy ; but not only 
are these doubtful, but by adopting the formulae of Berzelius we 
lose all insight into the formation of these acids from margaric 
acid, and this is the chief object of the analytical investigation. 

To show how little confidence is due to the coincidence of num* 
bers, when unsupported by the study of the nature of the sub- 
stance, and the products accompanying its formation, it may be 
stated, that if we choose to consider hydromargaritic acid as the 
acid margaiate of ethule, which it certainly is not, the formula 
Mr^AeOySHO = C74H750]2, when reduced to 100 parts, gives 
numbers exactly corresponding to Fremy'^s analysis of the acid. 



METOLEIC AND HYDROLEIC ACIDS. 

These acids arise from the action of sulphuric acid on oleic 
acid, as the three former do from margaric acid. 

Metoleic -4ctd.-p— Symb. m01,2H0. When metamargaric acid 
is prepared as before described, this acid remains undissolved by 
the alcohol. It is purified by repeated boiling with alcohol and 
by exposure to cold, when the metamargaric acid crystallizes out. 
It is a liquid, insoluble in water, very soluble in ether, and by 
heat converted into carbonic acid and a earbo-hydrogen. It is dis- 
tinguished from oleic and hydroleic acid by its sparing solubility in 
alcohol. According to Fremy, in its salts 1 at. of water is replaced 
by % at. of base, which is very unlikely. 

Hydroleic Acid, — Symb. h01,2H0. In the preparation of 
hydromargaritic acid, hydroleie acid is removed by cold alcohol, in 
which it is extremely soluble, and by which it may be purified. It 
forms a liquid, insoluble in water, very soluble in alcohol and 
ether. Heated with oxide of lead it loses 2 at, of water^ which 
are replaced by 2 at. of oxide. In its other salts, according to 
Fremy, 2 at. of base only displace 1 at. of water. 

When these acids are distilled, they yield carbonic acid ; two 
liquid carbo-hydrogens, ole^ne and elaene, both having the com- 
position of olefiant gas ; and an empyreumatic oil. (Fremy.) 

The two carbo-hydrogens are separated by careful rectification. 
01e6ne, the more volatile, boils at 131°, has an alliaceous smell, 
is very combustible, and appears to have poisonous properties. 
Elaine boils at 280% has a smell like that of ole6ne, and is decom- 
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posed by chlorine with the production of hydrochloric acid, and a 
new liquid compound. 

Fremy adopts for metoleic acid the formula C7oHe30g,HO; but 
the analysis of the salt of silver rather indicates that it is a bibasic 
acid, and that its formula is C9oHs50,o,2HO. This formula 
readily explains the action of heat ; for if from 1 at. of the 
hydrated acid = GgoH^jO^i we subtract 5 at. of carbonic acid 
and 2 of water = C jH jOjj 

there will remain CgsHg^- This may be divided into C^H^zn 
ole^ne, and C45H45 = ela^ne. The calculated density of ela^ne 
in the state of vapour agrees with Fremy's experiment. The com- 
pound formed by chlorine seems to be C45H40CI5, in which 5 at. 
of hydrogen are replaced by 6 of chlorine. 

According to Fremy, hydroleic acid only differs from metoleic 
acid in containing the elements of 1 at. of water more. This ad- 
mits of the same explanation of the action of heat, which is the 
same in both acids. 

2. — ACTION OF NITROUS ACID ON OILS. 

It has already been stated, under the head of oleic and elaidic 
acids, that oleic acid is solidified by nitrate of mercury or nitrous 
acid. Poulet first observed this action in the case of olive oil and 
several other oils. Boudet showed that nitrous acid is the true 
agent, and that oleine (oleate of oxide of glycerule) is converted 
by it into elaidine, a -solid fat, which is composed of elaidic acid 
and oxide of glycerule. 

When olive oil, for example, is mixed with the common red 
fuming nitric acid of commerce, it is solidified by the nitrous acid 
present. According to the quantity of nitrous acid, the change is 
effected in a longer or shorter time. When a mixture of S parts 
pure nitric acid and 1 part hyponitrous acid (produced by the dis- 
tillation of nitrate of lead,) was used, the following results were 
obtained : 

1 part of the acid mixture with 33 of olive oil solidified in 70 minuets. 

1 60 78 

1 75 84 

1 100 130 

1 200 435 

^ . 400 remained unchanged. 
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The very small quantity required to produce the effect, and the 
fact that in several oils, castor oil for example, a similar solidifica- 
tion is caused by sulphurous acid, render this action a problem 
which is yet unresolved. 

Oil of almonds, of acacia nuts, of rape seed, castor oil, and oil 
of hazel nuts, agree with olive oil in being solidified by nitrous 
acid or nitrate of mercury. The oils of linseed, hemp, walnuts, 
poppy seed, and other drying oils, undeigo no change when mixed 
with these reagents, except that they are coloured brown. The 
presence of drying oils prevents or retards the solidification of the 
&t oils. 

The product of the action of nitrous acid on the &t oils is the 
same in all cases, except in that of castor oil. A yellowish semi- 
solid mass is formed, which when washed with alcohol becomes 
white, and when further purified by pressure and crystallization is 
pure elaidine. The yellow matter taken up by the alcohol changes 
to a dark brick-red by the action of alkalies. 

Those oils which yield elaidine, generally contain margarine and 
oleine. It is at present doubtful whether the former in these cir- 
cumstances yields a part of the elaidine ; for pure margaric acid 
cannot, like oleic acid, be converted into elaidic acid. The elai- 
dine from almond oil appears to contain oleine, and that from olive 
oil margarine. If this be really the case, the purest elaidine yet 
obtained cannot be considered as pure elaidate of oxide of glyce- 
rule. Pelouze and Boudet, however, state that when margaric 
acid is dissolved in oleic acid, both are entirely converted into elai- 
dic acid. This requires confirmation. 

The oleine of human fat and of hog^s lard, as well as that of 
the oils above-mentioned, is converted by nitrous acid into elaidine. 
But neither the solid part of these and other fats, pure stearine, 
nor pure stearic acid, can be made to undergo this change. 

Elaidine made from olive oil melts at about 90®. When 
saponified, the soap treated with acids yields elaidic acid, which 
is probably impure, as it melts at 107** and lower ; while pure 
elaidic acid, made from pure oleic acid, meltd at about 11 2''. Lau- 
rent analyzed the acid from olive oil, and has given the formula 
CyoHygOg. But, till we are satisfied of its purity, this formula 
cannot be adopted. 

Palmine. — Castor oil, when treated with nitrous acid, yields a 
peculiar new fat, palmine, which melts at 145°. When saponified 
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by alkalies, it yields oxitle of glycerule, and a new fatty acid, pal- 
mic acid. 

Palmic Acid. — The soap made from palmine and potash being 
purified, is decomposed by tartaric acid, and tlie fatty acid which 
separates is dissolved in cold alcohol. The solution, by spontane- 
ouB evaporation, yields pure hydrated palmic acid. It is crjstal- 
lizable, and melts at 193." ; it is very soluble in alcohol and ether. 
When boiled with alcohol, it seeras to form palmate of oxide of 
cthule; at least, an oily liquid separates on cooling. It is partially 
decomposed by distillation. Its salts arc little known ; and the 
composition both of palmine and palmic acid is yet undeter- 
mined. 

It is very remarkable that a current of sulphurous acid gas, 
when passed through castor oil, converts it into a solid mass, 
which seems to be palmine, and which, when saponified, yields 
palmic acid. That the same acid should be formed by an oxidizing 
and a deoxidizing agent is a fact which requites a careful investi- 
gation. 



ACTION OF METALLIC OXIDES ON FIXED OILS AND FATS. 

The action of alkalies and of oxide of lead on fixed oils and fats 
lias long been practically known. Tlie compounds produced by 
the former are called Soaps : those formed by oxide of lead are 
PlasUra. 

Up to 1813 soaps and plasters were considered to be com- 
pounds of alkalies and oxide of lead with oils and fats ; although 
it was observed that the oil, when again set free, had acquired a 
greater solubility in alcohol, and was more readily saponifiabic 
than before. The discovery of glycerine by Scheele was tho 
only well- ascertained fact previous to the researches of Chevreul 
in 1813. 

This illustrious philosopher observed that a certain kind of soap, 
when diluted with a large proportion of water, became turbid, and 
deposited a pearly substance, which he found to contain an alka|i 
combined with an oily matter, not previously described, of decided 
acid properties. This observation was the origin of, perhaps, the 
most splendid scries of investigations known in the history of che- 
mistry ; in the course of which, continued as they were for four- 
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teen years, Chevreul not only discovered a large number of new 
compounds, and cleared up the whole subject of the fixed oils, fiits, 
soaps, and plasters, but established those principles which at pre- 
sent prevail in the study and analysis of organic substances. 

At a time when such investigations were unknown in organic 
chemistry, the profound sagacity of this distinguished philosopher 
taught him that the ultimate analysis of an organic compound was 
not alone sufficient to determine its true composition ; but must 
be accompanied by a complete study of the changes produced on 
it by the action of reagents, and a careful determination of the 
quantities of the several products as well as of their composition. 

This great principle, which now regulates all researches in orga- 
nic chemistry, we owe to Chevreul. By it he was led to numerous 
discoveries, and by it also he was guarded from error, at a time 
when all was error in this branch of chemistry. But the example 
of Chevreul was not immediately followed ; and it was not till 
Dumas and BouUay, in 18S4, applied the same principle to the 
study of the ethers, that its application to organic chemistry in ge^ 
neral gave rise to the extraordinary progress which, since that 
time, has been made in this department of the science. 

Chevreul showed that the different kinds of fixed oils and fats 
contained three distinct compounds, united in the most various 
proportions : one, liquid at ordinary temperatures, which he called 
Oleine ; and two solid, but differing in fusibility, Stearine and Mar- 
garine. 

He also showed that each of these contained oxide of glycerule, 
(glycerine,) in combination with an oily acid ; and that when the 
oil or fat was acted on by alkalies, or by oxide of lead or zinc, 
these bases united with the oily acids, — ^forming, in the first case, 
soluble soaps ; in the other, insoluble plasters. The oxide of gly- 
cerule in the moment of separation united with water, forming hy- 
drated oxide of glycerule (glycerine, or sugar of oils). When the 
weight of the glycerine was added to that of the oily acids, after 
the latter were separated from the bases, their united weights ex* 
ceeded somewhat that of the original oil ; which he showed to 
arise from the &ct, that both the oily acids and the glycerine, when 
separated from other substances, combine with water. With ordi- 
nary oils and fats no other products are formed ; but when the oil or 
fat contains any of the volatile oily acids, such as butyric or phoce- 
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nic acids, the soap contains a salt of the volatile acid, and acquires 
its smell. 

Soaps are divided into hard and soft soaps. The former arc 
obtained from fata or fat oils ; the latter from drying oils. Of the 
hard eoaps, those containing soda are firmer than the soaps of pot- 
ash. Of the hard soaps of commerce, those made with vegetable 
oila are mixtures of olcate and margarate of potash or soda ; those 
made with animal fats are mixtures of stearate, margarate, and ole- 
ate of potash or soda. 

In order to form soap, the oil or fat ia boiled with a solution of 
caustic potash or soda, till the whole forms a thick viscid emulsion, 
whicli can be drawn out into long clear threads. If not clear, 
either water or alkali must be added, according aa the turbidity de- 
pends on undecomposed oil, or on a deficiency of water. When 
the saponification is complete, the nest step is to separate the soap 
from the excess of alkali, the glycerine, and the superfluous water. 
This may be effected by boiling down till the alkaline ley becomes 
very concentrated, when the soap becomes insoluble, and rises to 
the surface. The same end is attained by adding very strong ley, 
or common salt, both of which render the soap insoluble when 
added in sufficient quantity ; soap being absolutely insoluble in 
alkaline ley of a certain strength, as well as in a saturated solution 
of common salt. The separation is known to be complete when 
the liquid ceases to froth in boiling ; and the soap Is ladled off into 
moulds, where it is well stirred to favour the separation of the 
liquid, which should run off from its surface like water from fet. 
The soap brought to this state in the first operation is called grain 
soap, from its separating in grainy particles at first. It may be 
further purified by repeating the process of dissolving it in alka- 
line ley, and separating it by the addition of salt. In this pro- 
cess the impurities subside, and the soap generally takes up more 
water ; so that, although whiter, it is less strong. White soap, for 
example, commonly contains 45 to 60 p. c. of water, while grain 
soap only contains 25 to 30 p. c. No doubt it might be again 
procured with as little water as at first ; but it is the fluidity caused 
by the additional water that allows the impurities to subside, and 
the soap to become white. What is called marbled soap is grain 
soap which has not been subjected to purification ; and the grey, 
blue, and green colours in it arise principally from the presence of 
insoluble soaps of oxidc of iron or of copper. 
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It is to be observed, that when common salt is added to the 
solution of a soap of potash, the latter is converted into soda soap, 
entirely or partially, according to the quantity of salt, while chlo- 
ride of potassium is formed. As this latter salt does not cause 
the soap to separate, like common salt, it is necessary to use twice 
as much salt to separate the soap when it has been made with 
potash. If a soap of potash be required, it must be separated by 
caustic potash. In Oermany soda soap is first made with potash, 
and {he potash soap is decomposed by common salt. In England 
and France, soda soap is made directly with caustic soda. 

The use of salt in this important process depends on the curious 
fact, that soap, like muscular fibre or animal membrane, cannot be 
moistened by a saturated solution of salt ; that is, cannot deprive 
it of water. On the other hand, if these substances be moistened 
with water, or dissolved in it, the addition of dry salt in sufficient 
quantity will remove the whole of the water. 

Soft soaps are made with drying oils, either alone, or mixed with 
train oil or other fet oils. They are insoluble in strong alkaline 
ley, and are separated from water by the addition of potash or 
soda. When train oil is added, they have the disagreeable smell 
of that oil, arising from phocenic acid. 

Such is a very general and brief account of the principles of 
soap-making, which are few and simple. The great experience of 
the makers of a substance so long known had taught them empi- 
rically how to produce good soap in a great variety of forms; 
but it is only of late that the rationale of their processes has been 
understood, and that improvements have been made on scientific 
principles. Soap-making may now be considered as one of the arts 
most thoroughly understood. 

It is impossible here to describe the varieties of soap. Of the 
simple soaps, stearate of soda may be considered the type of hard 
soaps. It is hardly altered by contact with 10 parts of water. 
Stearate of potash, with 10 parts of water, forms a viscid solution. 
The margarates of soda and potash resemble the stearates. Oleate 
of soda dissolves in 10 parts, oleate of potash in 4 parts of water. 
Hence soaps are harder and less soluble, the more stearate and 
margarate they contain ; and softer and more soluble when oleates 
predominate. 

As the soaps of lime, baryta, earths, and metallic oxides in 
general are insoluble, the use of hard watdr, which contains salts 
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of lime, cauBCB a precipitation of the insoluble soap, which is very 
prejudicial. This may be corrected by adding to the water as 
much carbonate of soda or potash as is sufficient to separate all the 
lime, before tlie water is used to dissolve soap. It is in this 
way that soda readers Lord water soft for washing and other 
purposes. 

TKe soap used in medicine Is a hard soap made by boiling to 
dryness in a gentle heat 1 part of soda ley, sp. g. 1 -33, and 2 ports 
of olive or almond oil. It is a mixture of margarate and oleate 
of soda with free soda and glycerine. Antimoniated soap ia made 
by dissolving 1 part of precipitated sulpliuret of antimony in caustic 
potash, mixing the solution with 6 parts of medicinal soap, and 
evaporatbg to dryness. 



There are two kinds of officinal plaster made with lead, — litliarge 
plaster, and white lead plaster ; but all the compounds of oxide 
of lead with the oily acids possess the properties of plaster. 

Litharge plaster, or Diachylon plaster, is made by boiling 5 
parts of levigated litharge (protoxide of lead) with 9 of olive oil, 
and some water, till the whole acquires a proper consistence and 
a greyish white colour. At common temperatures it is plastic ; 
when heated, it melts. It may also be obtained by adding sub- 
acetate of lead to a solution of soap. The plaster thus formed is 
good at first, but afterwards becomes hard ; while that prepared 
directly from the oil remains plastic, apparently from the presence 
of undecomposed oil. Litharge plaster consists chiefly of basic 
oleate and margarate of lead. It is the basis of almost all me- 
dicinal plasters. 

While lead plaster (Emplastrum cerusste) is made in the same 
way, using 16 parts of carbonate of lead to 9 of olive oil. It is 
white, plastic in the heat of the hand, liquid at 212°. It enters 
into the composition of many plasters used in medicine. 

Iron jilasler and Mercurial plaster are made by adding salts 
of mercury or iron to solution of soap. They are insoluble masses, 
Boilened by heat, and are not much used. 
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OILS AND FATS OCCURRING IN NATURE. 

1. — DRYING OILS. 

The drying oils are generally derived from seeds by pressure. 
Their distinguishiDg character is that of drying into a varnish by 
exposure to the air. This change is caused by the absorption of 
oxygen ; and, as the impurities generally present in oils impede the 
access of oxygen to the particles of the oil, the drying takes place 
much more rapidly when these impurities are removed or destroy- 
ed. Boiling acts by destroying them, and a little litharge is added 
to promote the change. But a better and more colourless varnish 
is obtained by agitating the drying oil, linseed oil for example, 
with a mixture of water, litharge, and subacetate of lead, without 
heat. When the whole is allowed to stand, the impurities sub- 
side with the water, and the oil is so pure that it dries into a 
varnish in twenty-four hours. It contains a little oxide of lead, 
but this rather improves the varnish. 

The absorption of oxygen by drying oils goes on so rapidly 
when their surface is much extended, that wool, shavings, tow, or 
other porous substances, when steeped in drying oil and exposed 
to the air, often take fire spontaneously from the heat developed. 
This is a frequent cause of fire in manu&ctories, where the oiled 
parts of the machinery are wiped with tow or cotton. 

The oil or varnish for printer's ink is made by boiling drying 
oil till it acquires the proper consistence, and the tendency to dry 
quickly. 

The following are the principal drying oils : — Linseed oil, from 
the seeds of Linum usitatissimum. It has the properties of dry- 
ing oil in the highest degree. Walnut oil, from the kernel of 
the walnut, Juglans regia. This oil stands next to the preceding 
as a drying oil. Hempaeed oil, from the seeds of Cannabis aativa. 
Oil of Poppy-seed, Croton oil^ from the seeds of Croton tiglium. 
The oils of Jatropha multifida and Jatropha curcas, resembling 
croton oil in activity and other properties. The oils of Euphor^ 
bium lathyr^ and of Cucurbita pepo are also drying oils. 



\. — FISH OR TRAIN OIL. 

Under the name of train oil several varieties of fish oil are 
known. They have some resemblance to the drying oils ; but 
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are distinguished by containing, in general, one or more volatile 
oily acida in small quantity, generally plioeenic acid. They are 
for the most part composed of oleinc with a little phocenine. The 
principal varieties are whale oil, seal oil, dogfish oil, and cod's 
liver oil. Most fish oils contain a small quantity of a crystallizablc 
fatty acid, not yet examined. That of the dolphin holds a por- 
tion of spermaceti dissolved. Pish oil is used for lamps, and to 
mix with drying oils for 6oft soap. 

3.— LIQUID FAT OILS. 



These are distinguished from the drying oils by the action of 
the air ; if exposed to it, they arc slowly altered, but remain greasy 
and do not yield a dry varnish. They are used both as food and 
for burning. They are purified from foreign matters by being 
agitated with a little oil of vitriol, and afterwards washed with 
water to remove any adhering acid. After this operation they 
bum much more brightly, and clog the wick much less. They are 
all more or less completely solidified by nitrous acid, which is 
not the case with drying oils. 

The principal fat oils are olive oil, from the pulp of the olive, 
Olea Europaa, which is much used as an article of food, and for 
making soap. It congeals when exposed to cold, and the solid 
portion seems to be a compound of margarine and oleine. Atinond 
oil contains much less margarine than olive oil. It therefore 
yields softer soap, and is better adapted to the preparation of oleic 
acid. Raptseed oil and Oil of Colza are similar to olive oil, and 
much used as combustibles on the Continent. 

The Oil of yolk of egg and Oil of cow-heel are two mild inodorous 
animal oils, very similar to vegetable oils. The former soon be- 
comes rancid ; but the latter, from retaining its sweetness very long, 
is much prized for fine salves and ointments. 

4. — SOLID FAT OILS, OR FATS. 

These arc numerous both in the vegetable and animal kingdoms, 
and are known by various names, such as tallow, suet, lard, butter, 
and fat. 

Laurel fat is obtained from laurel berries by boiling and pres- 
sure. It is green and soft, and is used for salves. 
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Butter of Cacao, from the beans of Theobroma cacao, is ^hite, 
solid, and rather brittle. It does not become lancid ; the greater 
part of it is a crystalline compound of oleine and stearine, melt- 
ing at 85^ 

Butter of Nutmegs, from the nuts of Myristica moschata, is 
solid, yellow, and possessed of the aromatic smell of the essential 
oil of nutmegs. Cold alcohol dissolves a fat oil, the essential oil, 
and the colouring matter ; leaving 25 to 30 p. c. of a white crys- 
talline fat, fusible at ST. This fat resists the action of diluted 
alkalies, but is quickly saponified by fusion with hydrate of potash. 
The soap thus formed yields a crystallizable acid, fusible at 122^. 
This is sericic acid ; and the fat is sericate of oxide of glycerule, 
or sericine. (Playfair.) 

Butter of Cocoa-nuts, from the fruit of Cocos nucifera, is 
white and soft, fusible at 68^, and consists of two oils, one liquid, 
the other solid, at ordinary temperatures. The latter, according 
to Pelouze and Boudet, is identical with elaidine. This butter 
soon becomes rancid. 

Palm oil or butter, from the rind of the fruit of Avoira elais, 
Elais Guianensis, is yellow and semi-solid, with a smell of violets. 
When new, it melts at 8^ ; when long kept, at 90"* to 96^ It 
easily becomes rancid, glycerine being set free, and at the same 
time the &tty acids. It contains oleine, margarine? and about 
two-thirds of its weight of a white solid fat, which is palmitine, and 
which contains palmitic acid. (Fremy, Stenhouse.) Palm oil is 
much used for making soap. If white soap is desired, the oil must 
be bleached ; which may be done either by exposure to the sun, by 
sulphuric acid, or by chlorine. Tallow is added to increase the 
firmness of the soap. For yellow soap, resin is added to the 
palm oil. 

Galam butter, from Bassia butyracea, is often confounded with 
palm oil. It is softer and more fusible, and is equally liable to 
rancidity. 

There are some other kinds of vegetable butter, which, how- 
ever, are too little known to be accurately described. 

Tallow. — This name is given to the fat of oxen, sheep, deer> 
and goats. They all consist chiefly of stearine with a little oleine \ 
but the last-named contains also hircine (hircate of oxide of 
glycerule) in small quantity, to which it owes its peculiar smell. 
They form, with soda, firm hard soaps ; and are much used, not 
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only for soap-making, but for ointments and plasters, and in malt- 
ing candlee. Tallow Boon becomes rancid on exposure to the air. 
Tbe fat of ox-marrow, having very little tendency to rancidity, is 
used for salves and pomatums. 

Butter, derived from tte milk of the cow, ia a soft yellowish 
fat, which may be purified from buttermilk, cheese, and the other 
impurities it contains, by melting it ; when the water subsides, and 
the pure oil rises to the surface. It should be repeatedly melted 
with water. It consists of margarine, oleine, butyrine, caprone, 
and caprine. The three latter are compounds of oxide of glycerule 
with the volatile butyric, caproic, and capric acids. {Chevrenl.) 
Their quantity is small, but to them are owing the peculiar pleasant 
taste and smell of fresh butter. Butter soon becomes rancid : 
hence the necessity of cither procuring it always fresh, or of salting 
it. When purified as above, it keeps much longer, but is much 
less pleasant to the taste. If melted butter be poured into ice- 
cold water, it assumes the consistence of fresh butter- 
Rancid butter, like other rancid fats, may be in a great mea- 
sure deprived of rancidity by melting and shaking it repeatedly 
with twice its weight of boiling water. Fresh butter, when laid 
in syrup, keeps even better than salted butter. 

Hog's-lard, ot Axunge, is softer than tallow. It contains more 
oleine, and probably margarine along with the stearine, or in place 
of it. It is chiefly used for ointments. 

Human fat appears to contain no stearine, but only margarine 
and oleine. 

Spermaceti.— TXiK remarkable fat is found in certain cavernous 
receptacles in the head of several species of Physeter and Del- 
phinus. During the life of the animal, it is dissolved in apennaceti 
oil ; but, after death, it is deposited on cooling in a crystalline mass. 
It consists chiefly of cetine, which is contaminated with an oil 
soluble in cold alcohol. 

Cetine. — To obtain it pure, spermaceti is dissolved in boiling 
alcohol, which on cooling deposits the cetine in crystals. The 
process is repeated as long as the alcohol extracts any oil. Pure 
cetine is crystalline, has a bright pearly lustre, and melts at 120", 
At 6T0° it sublimes undecomposed. If distilled at a higher 
temperature, it yields inflammable gas, a mixture of maigaric 
and oleic acids, and an oil insoluble in alkalies, but no ethal 
{hydrated oxide of cetule). 
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Wben saponified by fusion with caustic potash, it yields oleate 
and margarate of potash, and ethal ; the latter amounting to 40*64 
p. c. According to Dumas, cetine contains 2 at. of mai^garic acid, 
1 at. of oleic acid, and 8 at. of oxide of cetule (CjjHjjO). But 
as margaric and oleic acids, in the above proportions, and adopt- 
ing the formula of Chevreul, neutralize 4 atoms of base, while 
only 3 atoms are here present, it is probable that 1 at. of basic 
water should be added to the formula of Dumas. Moreover, it 
has not been proved satisfactorily that the acids in cetine are iden- 
tical with common margaric and oleic acids ; so that the formula 
of cetine must be considered as doubtful. 

Cholestertne or Fat of Bile. — This fet is found in the blood, 
the brain, and the bile of animals. It is the chief ingredient of 
biliary concretions, from which it is readily obtained by solution 
in boiling alcohol, which on cooling deposits the cholesterine, 
retaining in solution the small portion of colouring matter which 
it dissolves. Any fatty acids which may contaminate it are easily 
removed by potash. 

It forms large pearly or silvery scales, insoluble in water, fusible 
at 279% and volatilizable in close vessels, without change. It is 
not saponified nor dissolved by caustic alkalies ; and it appears to 
be dissolved in the serum of the blood by means of soap, stearate 
of soda being present in that fluid. Wagner has shown that 4 
parts of soap, dissolved in water, take up one part of cholesterine. 

The analyses of cholesterine, by Chevreul, Couerbe, and 
Marchand, indicate either the formula CggHggO or CggHgaO. A 
knowledge of its atomic weight can alone decide between these 
formulae. 

Cholesteric Acid. — By boiling with nitric acid, cholesterine is 
converted into cholesteric acid. This acid forms pale yellow 
needles, lighter than water, very soluble in ether. It forms red 
salts ; those with the alkalies are soluble, the rest insoluble. Its 
formula is unknown, but it contains nitrogen, derived from the 
nitric acid. (Pelletier and Cavfentou.) 

Amhreine, — This is a substance closely allied to cholesterine. 
It occurs in ambergrise, a peculiar fat found floating on the sea 
in the southern latitudes, and supposed to be a concretion formed 
in the stomach of the spermaceti whale. From ambergrise am* 
breine is obtained, exactly as cholesterine is from biliary calculi. 
By the action of nitric acid it is converted into an acid, ambreic 
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acid, analogous to cholcstcric acid, and, like it, containing ni- 
trogen. 

Castorine. — This is a crystJillizable substance, analogous to the 
two preceding ; which is extracted, along with common fat, from 
castor (castoreum) by the action of alcohol. It dissolves un- 
changed in alkalies, and is converted by nitric acid into an acid 
analogous to ambreic acid. (Brandes.) 



This substance, or a substance closely resembling it, is found 
in many plants, particularly in the pollen. It is collected by bees 
to build their combs ; but it is not determined whether these ani- 
mals possess the power of producing it from sugar, or any other 
portion of their food. 

As obtained by melting honeycomb with water, it is yellow, 
and has a peculiar smell. It melts at 145°. When exposed in 
thin layers, or ribbons, to the action of light, it is bleached, and 
deprived of smell. When bleached, it melts at 168°, and con- 
geals at 149°. 

According to the researches of Gay-Lussac and Thenard, Chev- 
reul, SauBsure, Ettling, and others, wax is a mixture of two sub- 
stances in very variable proportions. One of these is very soluble in 
hot alcohol, the other very sparingly soluble in that menstruum. 
The former is cerine, the latter myricine. 

Cerine is deposited in a gelatinous mass, composed of fine 
needles, from the alcohol on cooling. AVhen boiled with potash, 
it is partially saponified, and the soap appears to contain margaric 
and oleic acids. There is obtained at the same time about S6 p. c. 
of a neutral substance ; insoluble, or nearly so, in alcohol, and un- 
changed by boiling with potash. This is ccraiite. It seems to 
have the same composition as the portion of wax insoluble in 
alcohol. 

Myricine. — This is the matter left undissolved when wax is 
boiled with alcohol. It requires 200 parts of boiling alcohol for 
solution, and is not affected by boiling with caustic potash. 

The formula of these compounds are not ascertained ; but the 
analyses of Ettling and Heas show that cerine contains more oxy- 
gen than myricine ; while the composition of ceraine and myricine 
appears to be the same. 
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Some species of vegetable wax appear to be composed of myri- 
cinc alone, others of cerine ; wLile tbe so-called wax of Myrica 
cerifera, when saponiSed, yields stearic, raargarie, and oleic acids, 
along with glycerine, and is tlicrcforc rather fat than wax. Bees" 
wax varies very much in the proportions of mpicine and eerine 
which it contains. 

When wax is distilled, it yields a fatty acid, not yet examined ; 
an oil composed of carbon and liydrogen in the same proportions 
as olefiaot gas ; and a solid while crystallizable substance of similar 
composition, which is identical with paraffine. Neither sebacic acid 
nor acroleine appears among the products, 

Japan or Tree Wax, from the fruit of Rhti» iuccedanm, re- 
semblcB wax in appearance, but appears to be more of the nature 
of fat. It is easily saponified, and yields an acid which is either 
margaric acid, or one analogous to it. Substances more or less 
similar to wax are obtained also from Crolon sebiferum, Celaslrtis 
ceriferua, and Ceroxy/on andicola. They are as yet little known. 

Cerosine. — Some species of sugar-cane yield on the surface 
of the cane a waxlike substance, which has been examined by 
Dumas, who has given to it the above name. It forms fine 
light pearly scales, fusible at ISO", and is not saponified by 
potash. Tbe analysis of it by Dumas led him to the formula 
C,sHj„0,. 

APPENDIX. 



ORGANIC ACIDS, HITHERTO LITTLE EXAMINED. 

Ckdidonic Acid. — This acid was discovered by Probst in Cheli- 
dtinium maj'us. It forms small white crystals, very acid to the 
taste, sparingly soluble in cold water, soluble in S6 parts of boil- 
ing water. The analysis made by Probst leads to the formula 
CjHjOj, which seems to indicate some relation to mcconic acid, 
which occurs in the same natural femily of plants, the Papave- 
racete. 

Caiiicic Acid. — This acid occurs in the root of several species 
of Chinococca. Formula, C,H,0, ? (Liebig.) It is crystal lizable, 
and has at first little taste, but soon devclopes an acrid bitter- 
ness. It is sparingly soluble in water and ether, more soluble 
in alcohol. 

4 F 
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Crameric Acid. — Tliis acid is found in rhatany root, said to be 
the root of Crameria Inandra ; but some commercial specimens 
do not yield it. It is cry stall izable, soluble io water, and lias a 
SOOT astringent taste. It is remarkable for its strong affinity to 
baryttt. It is even capable of depriving sulphate of baryta of that 
earth ; and the cramerate of baryta is not decomposed, either by 
Bulphuric acid, or by soluble sulphates. Its composition is un* 
known. 

Cnffeic and Tanno-caffnc Acids were discovered by Runge 
in coffee. The former is a white powder, which when heated 
yields the aromatic odour of roasted coffee. The latter is a variety 
of tannic acid, producing in salts of iron a green precipitate, 

Bolelic Acid. — Discovered by Braconnot in the fungus Boletus 
pstvdo-igniariuB. It is crystatlizable and volatile, and precipitates 
peroxide of iron completely from its solution. 

Fungic Acid occurs, according to Braconnot, in most fungi. 
It does not crystallize, is deliquescent, and has a very sour 
taste. 

There are several other acids, the existence of which as distinct 
compounds is still problematical : such are, Tanacetic Acid, in 
Tanacetum vulgar e ; Lactncic Acid, in inciwca liiVosa ,■ Atropic 
Acid, in Alropa belladonna ; Coeognidic Acid, in the seeds of 
Daphne gnidium ; Solanic Acid, in the different species of Sola- 
tium ; Coneic Acid, in Conium maculatum ; Aeeric Acid, in 
Acer campeatre ; Moroxylic Acid, in the wood of the Mulberry ; 
Kinovic Acid, in the Chiuanova Bark ; Meuispermic Acid, in 
Cocculus Indicus, which is the seed of Menispermum Cocculus, — 
an acid said to exist in the silkworm ; &c. Sic. It is probable that 
most of these acids, when properly investigated, will be found iden- 
tical with some one or other of the acids previously described. 

OP THE VOLATILE OR ESSENTIAL OILS. 

Many vegetable products, when distilled with water, yield essen- 
tial or volatile oils, which are liquids, more or less volatile, spar- 
ingly soluble in water, generally colourless, although occasionally 
having a peculiar tint, and for the most part possessing the entire 
odour of the plant. They arc inflammable, burning with a bright 
but smoky flame, and undergo peculiar changes by the action of 
air and water. 
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Analogous to these are the so-called eiiipyrcumatic oils, which 
are among the products of the destructive distillation of organic 
matter. 

Many of the essential oils exist ready formed, and in the free 
state, in certain parts of plants; as, for example, in the rind of the 
orange and lemon, from which they may be obtained by mere pres- 
sure. Others flow from incisions in the plant, combined with re- 
sin, forming what are called Balsams ; as is the case with oil of 
turpentine. In several cases it has been proved, that tUe oils 
are first formed by the mutual action of two or more organic com- 
pounds when the plant is placed in contact with water : this ia 
the case with the oil of bitter almonds, and with oil of mustard, 
and is true of all the volatile odoriferous oily matters formed dur- 
ing fermentation or putrefaction, (See ante, Amygdaline.) 

It thus happens that perfectly inodorous plants, as, for example, 
Cenlaurivm minus, when allowed to ferment with water, and then 
distilled, yield a penetrating essential oil. 

The essential oil of Spiraa vlmaria may be obtained, with all 
its characteristic properties, from salicine, by the use of o?(idizinff 
agents (see Hyduret of salicule) ; and finally, when starch or saw- 
dust and similar substances are heated with sulphuric acid, peroxide 
of manganese, and water, they yield, besides formic and carbonic 
acids, oily liquids possessing all the characters of essential oils. 

In some fragrant flowers, as the lime blossom, jonquil, and jas- 
mine, the odorous principle may be extracted by ether or by fixed 
oil, but cannot be obtained by distillation with water ; either be- 
cause it is decomposed, or else is so soluble that it cannot be se- 
parated readily from the water. In tlie latter case, it may some- 
times be separated by saturating the water with common salt. 

Many essential oils contain a crystalline substance dissolved, to 
which the name of Stearoptenc is given. This in numerous cases, 
as in the oils of lavender and valerian, is pure camphor. Others 
contain volatile oily acids mixed with a neutral oil, as is the case in 
oil of cloves; and many contain nitrogenized compounds, such as 
ammonia and hydrocyanic acid. 

Their specific gravity varies ; some are heavier, others lighter 
than water. 

Some contain no oxygen ; while in others that element is pre- 
sent. It is worthy of especial notice, that all the n on -oxygenated 
essential oils as yetjceurately analyzed contain carbon and hydro- 
4 F 2 
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gen in the Bame rclativo proporlinns, expressed by tlie empirical 
formula C,oHb. With widely diiferent properties, tliey yield the 
same result, as to these elements, in 100 parts. Tliere can be no 
doubt that in many cases the true formula is a multiple or submul- 
tiple of the above. In others, the arrangement of the same num- 
ber of equivalents may vary. 

The oxygenated essential oils are commonly mixtures of several, 
difTcring in volatility; but, as no one Las succeeded as yet in effect- 
ing their complete separation in any case, the analyses of them 
which have been made are of no value. 

AH essential oils are miscible with alcohol ; and they are more 
soluble in weak spirits, the more oxygen they contain. To water, 
although sparingly dissolved by that liquid, they give their pecu- 
liar odour, forming what are called distilltd waters. When these 
ore made by distilling the plant with water, they are apt to mould, 
from the presence of foreign matter ; but, if distilled a secood time, 
they keep well in close vessels. 

It must here be observed, that the odour of these oils is cloBcly 
related to their alteration by air and water. They almost 
all absorb oxygen, and those which do so most rapidly have the 
strongest smell. If n on- oxygen a ted oils be distilled with quick- 
lime in vacuo, or in an atmosphere of carbonic acid, the product 
is absolutely inodorous ; and it is impossible in this state to discri- 
minate oil of lemons from oil of turpentine or of juniper: but, 
when exposed to tbe air, they quickly become odorous, while they 
absorb oxygen, becoming viscid and resinous. It would appear, 
therefore, as if the odour accompanied the act of oxidation, as is the 
■case with metallic arsenic. By long exposure to the air, these oils 
gradually acquire the aspect of resins. Many become acid which 
before were neutral : the acid in oil of cinnamon is cinnamie aeid ; 
in oil of bitter almonds it is benzoic acid ; and, according to Bizio, 
B it is acetic acid. It is probable that the resins form- 
ed by the oxidation of essential oils are identical with those which 
in the balsams accompany the oils ; but on this point we have no 
experiments. According to Saussure, carbonic aeid is one of the 
.products of the action of the atmosphere on essential oils. 

It is not probable that these oils act as radicals, combining with 
■oxygen directly to form the resins ; it seems more likely that the 
oxygen removes one portion of their hydrogen, while tlie remainder 
of the hydrogen resists the action of oxygen, chlorine, and iodine 
much more strongly. 
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All the non-oxygenated oils, in contact with iodine, yield a part 
of their hydrogen with a kind of explosion, while iodine replaces 
the hydrogen thus removed. The new compound, although ricU 
in hydrogen, does not yield any more to an additional quantity of 
iodine. The action of both oxygen and chlorine is analogous ; 
both remove a part of the hydrogen ; both also enter into the new 
compound, replacing that element ; so that the new body, the 
resin, for example, always contains less hydrogen than the oil. 

By strong nitric acid the essential oils arc converted into resin- 
ous matters, as yet little studied. Many oils burst into flame 
when mixed with nitric acid, especially if a little Gulphuric acid be 
previously added to it. When boiled with moderately strong ni- 
tric acid till dissolution ensues, the oils yield peculiar crystallizable 
acids, but no oxalic acid. 

The essential oils dissolve sulphur and phosphorus, and are 
iniscible with bisulphuret of carbon and hydrated acetic acid. 

We shall now briefly describe the individual oils, and their rela- 
tion to other substances. The whole subject is but imperfectly 
known; and a profound and searching investigation is required, not 
only of their composition, but also and chiefly of the changes they 
undergo by the action of oxygen, chlorinci iodine, &c. before we 
can hope to acquire a knowledge of their true nature and constitu- 
tion. Oil of turpentine and oil of lemons, for example, arc both 
composed according to the empirical formula C|„Ha. The latter 
may be C,„H, -+- H ; the former CjoH,, + H. It is obvious that 
the decision of these and similar (jucstions cannot be expected from 
mere analyses of the oils, however accurate, 
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Oil of Turpentine. — Turpentine, which is a semi-fluid mass, 
flowing from incisions in the wood of many species of Pinus, and 
which is a good type of the balsams, yields the oil in question 
when distilled with water. The oil of commerce, from exposure to 
the air, is always contaminated with resin. To purify it, it is again 
distilled with water, dried by chloride of calcium, and rectified. It 
is then clear, colourless, very mobile, and has a very pungent pecu- 
liar smell and a burning taste. It sp. g. is 0-86 to 0-87. When 
pure, it is neutral to test paper. It boils at 312°, and the density 
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of its vaponr is 4'764. (Dumas.) It ia almost insoluble in water, 
but communieatea to that liquid its smell. When moist, and left 
long in the cold, it often yields a solid crystalline hydrate, in which 
to Ci(,Hg there ore 2 at. water, (Blanchet and Sell,) or 3 at. (Du- 
mas and Peligot.) This hydrate is soluble in 22 parts of hot 
water, and crystallizes on cooling. The oil is very soluble in alco- 
Lol, ether, and fixed oils. Being less soluble in weak spirits, it 
may be freed from resin by agitation with a little proof spirit. It 
is instantly decomposed by sulphuric or nitric acid, and takes fire 
with a mixture of the two. Chlorine also acta on it rapidly, and 
with flame, if the qiiantity of oil be small in proportion to the gas. 
By the slow action of chlorine, one fourth of the hydrogen is re- 
moved, and replaced by chlorine ; and a similar effect is produced 
by bromine and iodine. It dissolves sulphur and phosphorus. 

Pure oil of turpentine contains no oxygen. In 100 parts it is 
composed of Carbon 88-46 

Hydrogen 11-54 
which corresponds to the formula C^Hj. 

With hydrochloric acid gas it forms a liquid and a solid com- 
pound. The former is volatilizable, colourless, soluble in alcohol 
and ether. 'I'he vapour of this compound, passed over hot lime, 
yields chloride of calcium and au oil of the same composition as oil 
of turpentine. This has been called Peucyl, or Peucylene. It^ 
sp. g. is 0-86, and it boils at 273°. 

The solid compound may be purified by sublimation and crys- 
tallization from alcohol. It is white, translucent, lighter ihaa 
water, insoluble in water, soluble in alcohol. Its solution docs 
not precipitate nitrate of silver. 

Its empirical formula is Cj^HuCl. By repeated distillation of 
its alcoholic solution over hydrate of lime, the hydrochloric acid is 
at last removed ; and it yields another oil of the composition of oil 
of turpentine, called Dadyl, Terebene, or Caraphilene. Its sp. g. 
is 0'86, and it boils about 300°. According to Dumas, who consi- 
ders it to be pure oil of turpentine, and calls it Camphene, its true 
formula is CjjHjb, as deduced from the action of chlorine upon it. 
The results of Soubeiran and Capitaine, and of Deville, confirm this 
view. 

The last-mentioned oil, when brought in contact with hydro- 
chloric acid gas, reproduces the crystalline compound above-men- 
tioned which Las long been known as Artificial Camphor. Ac- 
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cording to Blanclict ami Sell, oil of turpentine is a mixture of 
two oiJs, I'eucyl and Dadyl, which have the Banie composition, and 
of wliich the former gives with hydrochloric acid a liquid, the latter 
a Bolid compound. 

By tlie action of nitric acid, oil of turpentine is first converted 
into a resinous mass, which by long boiling with the acid is at last 
dissolved, and converted into a crystalline acid, Turpentinle Acid. 
According to Bromeis, its formula is Cj^HgO^HO. It merits a 
careful investigation. 

Oil of turpentine is used in medicine both internally and ei- 
temally. It is also much used in the arts for dissolving resins and 
oils in making varnishes. 

Oil of Juniper. — Obtained from the berries of Juniperug com- 
munis by distillation with water. The unripe berries yield most 
oil ; and this oil is a mixture of two, differing in volatility, as one 
boils at 310°, and the other at 400°. Both have the odour of ju- 
niper ; and both, when agitated with a solution of salt, form crystal- 
line hydrates. The more volatile portion lias the same composi- 
tion in 100 parts as oil of turpentine, and forms with hydrochloric 
acid gas a liquid eompound, the formula of which appears to be 
C|5H,jCl, according to Souberian and Capitainc, who call the sup- 
posed radical of this compound Juniperil4ne. 

The addition of a little oil of juniper to brandy forms gin, or 
geneva. Both this and the oil are used as diuretics, and give to 
the urine the smell of violets. 

Oil oj" Sabine, from the berries o^Juniperui Sabina, resembles 
the preceding, has the same composition, and is also used as a diu- 
retic. Its smell, however, is disagreeable. 

Oil of Elemi, from the resin of Amyris clemifera and A. cey- 
lanica, is colourless, has a pleasant smell, the sp. g. 0'852, and 
boils at 330°. Its other properties resemble those of oil of tur- 
pentine, except that it does not produce artificial camphor with 
hydrochloric acid gas, which colours it brown. It has the eompo- 
aition of oil of turpentine ; and its formula is CjH^, or a multiple 
of this. 

Oil of Storax, obtained from Storax liijuida by distillation with 
water, is colourless, and has the smell of the balsam. According to 
Marehand, it has the same composition as benzine, CjH, or some 
multiple of it. 

Nitric acid, by the aid of heat, converts it into a resinous mass, 
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whicli, wlen distilled ivilli water, yields a (jungent oil with an 
odoiii of cinnamon, which crystallizes on cooling, and by solution 
in hot alcohol may be obtained in fine crystals. (Simon.) Tjiis 
IB Nitrostyrole. Its formation ia accompanied by that of benzoic 
and hydrocyanic acids. 

The oil of storox itself, called by Simon Styrole, when exposed 
to the air, absorbs oxygen, and is slowly converted into a gelatin- 
ous mass, insoluble in alcoho], ether, and oil of turpentine, and 
no longer volatile without decomposition. Simon calls this Oxide 
of Stymie. It docs not yield with nitric acid the same products 
as the styrole itself. 

This oil is evidently a remarkable compound ; and, as it differs 
in composition from all the other noa-oxygenated oils, it merits a 
careful study. 

Oil of Lemons, obtained by pressure from the peel of the fruit 
of Citrus medica, is generally yellowish, and slightly turbid. 
When purified by rectification, it is clear, colourless, has a strong 
and pleasant smell of lemons, and a hot pungent taste. It has a 
ap. g. of from 0-848 to 0-85 and higher, and boils from 830° to 
358°, being a mixture of two oils which may be separated by dis- 
tillation to a certain extent. The more volatile portion is also the 
lighter of the two. Reagents act on it very much as on oil of 
tuipentine ; and, like that oil, it forma with hydrochloric acid 
gas a solid and a liquid compound, which both have exactly the 
same composition, but contain for the same amount of carbon and 
hydrogen twice as much hydrochloric acid as the corresponding 
compounds of oil of turpentine. Wlien deprived of the hydro- 
chloric acid by quicklime, they yield two oils of the same com- 
position : one of which, Citrene, has the sp. g. 0'847, and boils at 
330" ; the other, Citrilene, has the sp. g. 0-88, and boils at 315° 
to S5S°. It is the former, Citrene, that yields the solid com- 
pound with hydrochloric acid. (Blanchet and Sell, Soubeiran and 
Gspitaine, Dumas.) 

Both oil of lemons and the two oils last described have the 
composition, in 100 parts, of oil of turpentine ; and the formula 
; probably C5H4. The crystalline compound with 
hydrochloric acid seems to be C,|,HgCI. 

The oils of Cedro, and Cedrat, are probably identical, when 
pure, with oil of lemons. 

Oil of Oranges, from orange peel, Citrus aurantium, differs 
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only in smell from oil of lemons. Its composition and its actions 
with regeants are precisely tbe same. 

Oil of NeroH, or of orange-flower, is quite distinct from tlie 
above oils, which are derived from the fruit. It has the peculiiir 
fragrance of the flowers, and is in great part soluble in water; it 
is soon reddened by the action of air and light. Orange-flower 
water is a solution of this oil, obtained by distilling the flowers 
with water. Oil of neroli appears to contain a stearoptenc, pos- 
sibly a hydrate. The composition of the oil is not exactly known, 
and it is doubtful whether it contain osygen or not. 

Oil of Copaiva, obtained by distilling balsam of copaiva (from 
Copaifera muttijuga) with water, is colourless, has the sp. g. 0'91 , 
and boils at 473"^. It is soluble in 2j parts of absolute alcohol ; 
but requires 25 to 80 parts of alcohol, sp. g. 0'85, for solution. 
Reagents act on it as on oil of turpentine. Nitric acid causes a 
kind of explosion ; producing a crystalline compound, at first yellow, 
then blue, and finally becoming green. With hydrochloric acid 
it forms a crystalline compound, having the compositiou of that 
from oil of lemons, CjdHjCl ; it also forms a liquid compound: 
but the radicals of these could not be isolated. (Soubeiran and 
C'apitaine, Blancliet.) The oil of copaiva las the same compo- 
sition as oil of turpentine. It is used in medicine. 

Oil of Pepper, from Piper nigrum, has similar properties and 
the same composition ; but it does not form a crystalline com- 
pound with hydrochloric acid, which it absorbs in large quantity. 

Oil of Cubehs, from the fruit of Piper cubeba, is colourless and 
aromatic, sp. g. 0*929, boils at about 490°. It gives a crystalline 
compound with hydrochloric acid, which seems to be CuHuCI. 
The oil is supposed by Soubeiran and Capitaine to be C,jHi„ 
which is still the same in 100 parts as oil of turpentine. 

OXYGENATED ESSENTIAL OILS. 

Oil of Bitter Almonds, obtained by distilling with water the 
bruised almonds aflcr the fixed oil has been expressed, is yellow, 
and has a pleasant smell and a hot taste. It is a mixture of hydu- 
rct of bcnzule with hydrocyanic acid, both formed by the mutual 
action of amygdaline, emulsiue or synaptasc, and water. It is very 
poisonous. (Sec Benzule and its compounds.) 

0(7 of Laurel leaves, obtained by distilling the leaves of Prmiwa 
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lauroctrasus with water, appears to be essentially tlic same 
of bitter almonds. 

The leaves and kernels of the peach, Amygdalus persica, and 
of Frunits padus, as well as other speeies of Amygdalus and Prunus, 
yield a similar oil. 

Oil ofSpiraa. (See Salicule and its compounds.) 
Oil of Cinnamon. — Of this oil there are two varieties ; Ceylon 
oil of cinnamon, from Laurits cinrtamojitum, and common oil of 
einnaiiioa, from Lauras cassia. Both, when fresh, are pale yellow, 
but become brown on exposure to the air. They have a sweetish 
pungent aromatic taste, and a pleasant smell. Their sp. g. is from 
1"03 to 1'09. (See Cinnamule and its compounds.) According 
to Mulder, both oils have the same composition, and the formula 
CmHiiOj, when quite fresh. On exposure to tLe air, they rapidly 
absorb oxygen ; and produce cinnamic acid, two resins, and water. 
Mulder has analyzed both the resins, which he calls resin alpha 
and resin beta. The former is soluble in cold alcohol, and its 
formula is CijHjjOj? The latter is insoluble in cold alcohol, 
and has the formula C,iHjO. If we compare the composition of 
these resins and of cinnamic acid with that of the oil, we find that 
3 at. of oil of cinnamon = CguHjjOj + 8 at. oxygen = 
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The 8 atoms of oxygen are derived from the air. Oil of cin- 
namon is decomposed by hydrochloric acid gas ; yielding a volatile 
oil not yet examined, water, and two resins, one soluble, the other 
insoluble, in cold alcohol. The formula of the latter is C„HgO ; 
that of the former Ci4HjO. In like manner, concentrated sul- 
phuric acid acts on the oil, producing two resins, one soluble, the 
other insoluble, in alcohol. The composition of the 
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Together C,"„n7oO. which is 

3 at. oil of cinnamon — 3 at. water. The sulphuric acid removes 
an atom of water from each atom of the oil, and the oxygen of the 
residue is unequally divided between the resins. 

With nitric acid, oil of cinnamon forms a white crystalline com- 
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pound, CjsHbNO,. The oil CjoH„Oj loses here C,Hj, and takes 
up NO,, and the rational formula of the resulting compound is 
probably CjgHgOs + NO, + HO ; which explains its decomposition 
by contact with water, and the formation of cinnamic acid when it 
is dissolved in sulphuric acid. With water it yields an oil which 
is CiaHgOj, that is, hyduret of cinnaraule ; while its solution in 
sulphuric acid, when mixed with water, deposits cinnamic acid, 
C„H,0,. 

Along with the crystalline compound, nitric acid produces a red 
oil, which is instantly decomposed by water, although not by 
anhydrous alcohol or ether. With water the red oil yields an- 
other oil, the formula of which is C|jH,Oj. These results arc 
taken from a very recent memoir by Mulder. 

Oil of Cloves. — From the undeveloped buda of Caryophyllux 
aromalicus. Sp. g. 1*055. It is the least volatile of the essential 
oils, and is a mixture of caryophyllic acid and an indifferent or 
neutral oil. (See CaryophilHc Acid.) 

Oil of Sassafras.— Yxom LaurM Sassafras. Sp. g. 1'08 to 
1'09. It is coloured scarlet by nitric acid, yielding oxalic acid, 
When long kept, it deposits a stearoptene in large crystals, which 
melts in the heat of the hand, and is volatile. 

Oil of Sweet Bay. — VtomLaurus nobilis. A dirty white, thick 
oil, with a pungent smell and a bitter taste. Sp. g. 0'9I4. By 
distillation it yields a lighter oil, sp. g. Q-85t, and one less volatile, 
sp. 0'885, while a thick mass remains in the retort. The more 
volatile portion, according to Brandes, has the formula CjoHijO, 
which is that of the oil of camphor. 

Laurine is a crystalline substance which may be extracted from 
bay leaves by absolute alcohol. It is fusible and volatile, and 
seems to be a neutral substance. 

Some other oils, little known, arc derived from diiferent species 
of Laurus and Persca, such as Laurus Pickurim, Laurus Cuti- 
laban. Sic. 

Oil of Saffron. — From the stigmata of Crocus sativus. It is 
yellow, heavier than water, and gradually changes into a white 
solid, lighter than water. It has the odour of saf^n. 

Oil of Bergamot. — This oil, from Citrus Limetla {the lime), 
and Citrus Bergamotla (the bergamot), has an odour resembling 
that of oil of lemons, from which, however, it differs in containing 
oxygen. It is believed to contain a mixture of oils, having the 



ll-W 



OXYGENATED ESSENTIAL OILS. 






composition of citrene, with a hydrate of audi an oil, and an 
oxygenated oil formed by the action of the atmosphere. It gone- 
railj deposits a stearoptene, which Ohme ealla Bergapt^ne ; tlie 
formula of wLich, according to Ohme and Mulder, is C3HO. Ac- 
cording to Sonbeiran and Capitaine, anhydrous phosphoric acid 
deprives the hydrate of its water, and the oil which separates has 
the composition of oil of lemons. A part of the oil seems to com- 
bine with phosphoric acid, producing an acid analogous to phospho- 
vinic acid. With hydrochloric acid gas, oil of bergamot forms 
only a. liquid compound. 

Oil of Roses. — Otto or Attar of Roses, from the petals of Hosa 
eentifolia, •mosckala, sempervirens, and other species. A yellowish 
thick oil, congealing in the cold to a buttery mass, composed of 
shining foliaceous crystals. When much diluted, its smell is 
highly agreeable ; when strong, it causes headache. It has a mild 
aromatic taste, sp, g. 0'832. It consists of a solid (stearoptc'ne), 
and a liquid oil, in variable proportions. The solid portion, which 
is insoluble in alcohol, and may be purified by solution in ether, 
has the formula GH, or some multiple of it. 

Oil of Rhodium, from the wood of Convolvulus scoparius, has 
an odour of roses, and is sometimes used to adulterate oil of roses. 

Oil of Rose Geranium, from Pelargonium radula, has also a 
similar odour, and is used for the same purpose ; but it smells also 
of Geranium Robertianum. It is crystalline, and melts at G8^ 

Oil of Cajepul, from Melaleuca Leucotlendron, and Melaleuca 
Cqj'epuli. It has commonly a pale green colour. Its odont is 
unpleasant, except when much diluted, when it resembles that of 
camphor and rosemary ; sp. g. 0'978. The green colour is natural 
to the oil, but is sometimes increased by the presence of copper, 
derived f om the Is in which it is kept. Blanchet and Sell 

found tl e o np t n of a very pure specimen to be CuH^O. 

The 1 of Aul eg and Mace, the former from the nut of 
Myrist a hat tl c latter from the rind of the same nut, appear 

to be denl cal Th y contain a liquid oil and a stearoptene. 
The latt a d n to Mulder, is CbH^^O,. 

Oil of Cardamom, from Amomum repens, belongs to this class 
of oils, but has not been minutely studied. It is aromatic, and its 
sp. g. is 0'945. 

The Stearoptene of the Tonka bean, the fruit of Diptertx 
odorala, has a pleasant aromatic odour, is heavier than water, 
soluble in alcohol and ether. 
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0(7 of Anise, from Pimpinella anisum, is solid at tempernturcs 
below 50", owing lo the crystallization of a atearoptene which it 
contains in large quantity. The solid portion, according to 
Caliours, has the formula CjfHjjOj. With chlorine it forms a 
liquid compound, C^jHioCljOj ; with diluted nitric acid it yields 
a new acid, the compound of which with oxide of silver is C|oHoOj, 
AgO ; and with fuming nitric acid another, the silver Bait of which 
is C,oH,(NOJOi,AgO. Fused with hydrate of potash, it yields 
an acid, not further investigated. It also forms with sulphuric acid 
3 solid compound; and with fuming sulphuric acid another new acid, 
which yields a soluble salt with baryta. 

0(7 of Di/l, from Anethum or Apium gravealcns, has the strong 
smell of the plant, and a sweetish burning taste ; sp. g. 0-881. 

OiV q/" Fennel, from Anelhvm fcejiiculum, has the odour of 
fennel, and the sp. g. 0'997. It contains a stearoptene, which 
seems to be the same as that of oil of anise. The difference be- 
tween the two oils depends on the liquid portion. 

The Oil of Water Fennel, from Pkellandrius aqualicus, appears 
to contain ammonia, and is poisonous, 

Oi7 of Parsley, from Apium petroselinum, has a strong smell 
of parsley, and contains a liquid and a solid portion. The former 
appears to have the composition of oil of turpentine ; the latter is 
said by Loewig and Weidmann to be CiaKsOj. 

Oil of Carraieay, from Carura, carui, appears to contain two 
oils differing in volatility. The more volatile seems to contain no 
oxvgen ; the other appears lo be analogous to oi7 ofcumine, (See 
Cuminic Acid.) The latter is derived from Cuminum cj/minum. 

Oil of Coriander, from Coriandrum sativum, has the smell of 
the seeds, and the very low sp. g. of 0759. 

Oi7 of Pimpernel, from Pimpinella saxifraga, has a golden 
yellow colour, an unpleasant smell of parsley, and is lighter than 
water. That from P. magna is at first blue, then green. 

Oil of Peppermint, from Mentha piperita, has commonly a pale 
yellow or green colour, and a pungent cooling taste. Its sp. g. is 
0-902 to 0-91. The American oi! contains a stearoptenc, which 
appears to be Ci„H,(|0. (Dumas, Blanchet and Sell.) According 
to Walter, this should be doubled, CaoIIj„Oj ; and by the action of 
anhydrous phosphoric or sulphuric acid S at. of water are removed, 
^nd a carbo-hydrogon is left = CjoH,9, which Walter calls Mcn- 
thene : so that the rational formula of the stearoptenc is CjoHgg, 
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2H0, or possibly CjoH|,0,HO. Treated with chloride of phos- 
phorus, the Blearoptcne jields chloride of menthcne = Cj|,H|,Cl. 
Chlorine gas produces two other compounds containing chlorine. 

By the action of nitric acid, incnthene yields a compound, Cm 
HgOg ; and by the action of chlorine it is converted into another 
compound, C^HuOj- (Walter.) 

Oil of Pennyroyal, from Mentha pulegium, has, according to 
Kane, the formula C,(,HgO ; which is remarkable, as being identical 
with that of camphor. 

Tlie Oil of Mentha viridts, according to Kane, ia CajH^gO. 

Oil of Marjoram, from Origanum majorana, contains a stea- 
ropt6ne, which, according to Mulder, is Cj^HisO,. The oils of 
Origanum Smymffium and of Origanum vulgare are similar, and 
arc used to adulterate the oil of marjoram. According to Kane, 
the latter is CsoH^O. 

Oil of Lavender, from Lavandula spica, has the odour of the 
plant, the sp. g. 0'S7^, and boils at 365". It contains a variable 
quantity of stearoptene, which, according to Dumas, is camphor. 

Oil of Rosemary, from Rosmarinus ojicinalis, according to 
Kane ia Cj^Hj, +2H0. Sulphuric acid blackens it, and causes 
the separation of an oil, having an alliaceous smell, and the com- 
position of oil of turpentine. Kane calls this oil Rosmarine. 

Oil of Basil, from Ocimum basilicum, contains a stearoptene, 
which Dumas and P61igot found to be CjoHu + 6H0, agreeing 
in composition with the hydrate of oil of turpentine. The liquid 
portion haa not been examined. 

Oil of Thyme, from Thymus vulgaris, has the odonr of the 
plant, and deposits a stearoptene when kept. 

Oil of Valerian, from Valeriana officinalis, contains valerianic 
acid (see that acid) and a stearoptene. 

Oil of Rue, from Rata graveolens, is yellow or greenish, has 
the Bp. g, 0-837, and boils at a temperature from 425" to 473°. 
According to AVill, its composition is C^aH^gO^, and the density 
of its vapour, — 7'69, agrees with this formula. 

Oil of Cascarilla, from the bark of Croton eleulherium, is some- 
times yellow, at th t m bl gr en ; has the sp. g. 0"938 ; 
and contains t^ 1 ^ ' ff 44°, the other less volatile. 
According to \ I k 1 h f tains no oxygen, and has 
probably the u 1 p t f n -oxygenated essential oils. 
The latter conta yg 
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ESSENTIAL "OILS CONfAiNraG SULPHUR. 

Oil of Chamomile, from Matricaria chamomilla, is dark blue, 
Tiscid, and has a bitter aromatic taste; sp. g. 0'924. Nitric acid 
decomposes it, and the addition of water to the acid solution pre- 
cipitates a reain having the odour of musk. It dissolves iodine 
without producing lieat, unfcsH when adulterated with oil of tur- 
pentine or of lemons, when the violent action of iodine on these 
oils discovers the adulteration. The Roman oil of chamomile, 
from Anthemis nobilis, is very similar to the above. 

Oil of Wormwood, from Artemisia absinthium, is greenisli 
jellow, has an unpleasant bitter taste, and the sp. g. 0'897. 

Oil of Tea, from Thea viridis, is yellow, and readily solidified 
by cold. It has the odour of tea in so high a degree that it 
is apt to cause stupefaction when smelt. In the process of drying 
the tea leaves, the greater part of the oil is lost, so that the best 
Hyson yields Lardly 1 p. c. of the oil. 

The following vegetables yield oxygenated essential oils, of 
which however so little is known, that for the present we merely 
give the catalogue of the names. Many of them contain stea- 
roptene or solid volatile oils. 

Teucrium marum, Hyssopus officinalis. Salvia officinalis, Lycopus 
europfeus. Ledum palustre, Achillea millefolium, Artemisia con- 
tra, Artemisia dracunculus, Artemisia vulgaris, Tanacetum vulgare, 
.Tuniperus lycia and thurifera, Balsamodendron mjirha, Galbanum 
officinale, Ferula persica, Cupressus sempervirens, Thuja occiden- 
talis, Aristolochia acrpentaria, Gsesalpina crista, Hedwigia bal- 
samifera, Betula alba, Wintera aromatica, Populus nigra, Che- 
nopodium ambrosioides, Dahlia pinnata, Parmelia parietina, Tilia 
europaja, Sambucus nigra. Reseda odorata, Philadelphus corona- 
rius, Josminum oificinale, Syringa vulgaris, Convallaria majalis, 
Diosma crenata, Myrica gale, and others. 

ESSENTIAL OILS CONTAINING SDLPHUR. 

Several essential oils contain sulphur; and, like all organic com- 
pounds in which sulphur is present in any form but that of its 
compounds with oxygen, they liave generally a fetid smell. 

Oil of JIfuslard is obtained from the seeds of Sinapis nigra, 
exactly as oil of bitter almonds from tliat fruit. The seeds, de- 
prived of fixed oil by pressure, are made into a paste with water, 
and this after some hours is distilled. The oil is not ready formed 
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ESSENTIAL OILS CONTAINING SULPHUR. 



in the seed, but is produced by the mntual action of substances 
contained in them along with water. 

Oil of mustard lias the sp. g. 1'038, is very pungent to the tasto 
and smell. It contains sulphur and nitrogen, formula CjHjNS^ ; 
when heated with potash it yields ammonia, sulptiuret of potassium, 
and sulpliocyanide of potassium. With ammonia it yields a white 
crystalline compound, which appears to be composed of CjHjNjSj, 
or CjHjNSj + NHj, The nature of this curious compound ia 
still doubtful. 

Both black and white mustard, according to Bussy, contain ^ 
Bubetancc analogous to emulsine or synaptase, called by bim 
Myrosine ; and an acid, Myronie acid, which, by the contact of 
myrosine and water, yields the oil of mustard with other products 
not yet investigated. Myronie acid occurs in the seeds combined 
with potash, and the myronate of potash is the substance described 
by Henry and Garot as Sulphosinapine. It is remarkable that 
white mustard, although containing myrosine, which is identical 
with that of black mustard, and apparently also myronie acid, does 
not yield with water the oil of mustard, but another pungent oil. 
But the myrosine of white mustard, when added to the residue' of 
black mustard deprived of its myrosine, yields the oil, just as the 
emulsiDe of sweet almonds acts on the aniygdaline of bitter al- 
monds. 

By the action of hydrated oxide of lead, with the aid of a 
gentle beat, oil of mustard is deprived of all its sulphur; the 
mixture, distilled with water, yields an ontmoniacal liquid, and 
along with the sulphuret of lead there is found a crystalline sub- 
stance, called by Simon Sinapoline. Its formula appears to be 
C3sHj,N,0«. 

It is obvious that the white mustard must contain a substance 
differing from myronie acid, else it would yield the same oil as 
black mustard ; but this point is still very obscure, and Bussy bas 
not yet published his analysis of myronie acid, which contains car- 
bon, hydrogen, nitrogen, oxygen, and sulphur. It forms salts 
which have a bitter taste, and no smell. These Baits, as well as the 
acid itself, when distilled with myrosine and water, yield the vola- 
tile oil. Some of them are crystal lisable. 

Besides myronie acid, and myrosine, black mustard may he 
made to yield a neutral crystalline body, discovered by Simon, who 
calls it Sinapisine. It is obtained by digesting the seeds in strong 
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alcohol, and acting on tbe alcoholic extract with ether. Its pro- 
perties resemble those of the unsaponifiable crystalline fats. If 
the seeds, after the action of the alcohol, be digested with carbonate 
of soda, and the solution distilled with an excess of sulphuric acid, 
there is obtained a volatile acid, not unlike acetic or formic acid. 
Its salts are extremely soluble, and difficultly crystallizable. Both 
these compounds require a minute investigation, and the same may 
be said of the whole subject of the mustard-seed and its volatile 
oil. 

Oil of Horseradish, from Cochlearia armoraeia and C. offi- 
ein<ilis, lias a very pungent taste and strong smell. It contains 
sulphur, and causes blisters when applied to the skin. 

Oil of Garlic, from Jlliatn sativum, has the smell of the plant, 
and smarts the skin when applied to it. 

The onion. Allium cepa, yields a similar oil. 

Oil of Assafctida, from Ferula assafilida, has a still more 
offensive smell, and a taste at first mild, afterwards acrid. When 
rubbed with mercury it forms sulphuret of mercury. 

The oils of water-pepper. Polygonum hydropiper and o£ Arum 
macidatum, also belong to this class ; as do those o^ Lepidtum lati' 
folium, and of hops, Humulus lupulus. 

APPENDIX TO THE ESSENTIAL OILS. 

It is proper to mention here several substances which resemble 
the stearoptenes in so for as they are volatile, with few exceptions 
crystalline, and may be distilled along with the vapour of water. 

Heletiine, from Inula Hdemum, may be obtained by acting on 
the fresh root with hot alcohol, or by distilling it with water. It 
crystallizes in white prisms, soluble in alcohol, ether, and essential 
oils, but insoluble in water. It melts at 162°, and boils about 
630°. According to Dumas, its formula is C„HgOj ; according 
to Gerhardt, it is C,5H,oO,. When helenine is heated with nitric 
acid till the product is entirely soluble in ammonia, and the solu- 
tion mixed with water, there is precipitated a peculiar substance, 
nitro-helenine, which appears to be CuHbO, -I- NOj. (Gerhardt.) 
With chlorine it yields chloride of helenine, C,jH,oOj H-CJj; and 
Gerhardt obtained another substance, apparently a compound of 
this last with hydrochloric acid. Both are yellow powders. The 
latter, heated with quicklime, yields naphthaline. With anhydrous 
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phosphoric acid, helenitie yields a carbo-hydrogen, lielenene, — 
CijHg, which is helenine — IS at. water. With sulphuric acid, 
helenine forms a new acid, which, on account of its easy spontaneous 
decomposition, could not be examined. 

Asarine, obtained by distilling the root of Asarum Europteum 
with water, is a crystallized solid, with an aromatic taste and smell 
like those of camphor, fusible in boiling water, and softened by 
the heat of the hand. Its sp. g. is 0'9o. It sublimes unchanged 
when heated to about 570°, Its formula, according to Blanchet 
and Sell, is C,j|H,,04 ; and these chemists consider it as the hydrate 
of an oil contained in the root, which they extracted by means of 
absolute alcohol. Their analysis of the oil, however, does not 
agree with this view, 

Nicoiianiiie is a fatty substance, obtained in minute quantity 
by distilling tobacco leaves with water. It is insoluble in water; 
soluble in alcohol, ether, and potash. It has a bitter taste, and 
> strong smell of tobacco. 

Anemanine occurs in Anemone Pulsatilla, nemorasa, and pra- 
tensia. It is crystalline, heavier than water, and, when heated in 
a current of air, sublimes with a pungent acrid smell, but cannot be 
distilled unchanged in close vessels. According to Lowig, its 
formula is C^HjO,. He found it soluble in ether. But Fehling 
states that it is very sparingly soluble in that menstruum, and so- 
luble in hot alcohol. Four analyses by Fehling give the formula 
CjHjOj. By boiling it with oxide of lead and water he obtained 
B compound which seems to be C,jHgOe,PbO. By the action of 
baryta Lowig obtained an acid, Anemonic acid, the formula of 
which he states to be C,H,Oj„HO. 

The pods of Epidendron Vanilla yield a crystalline body in soft 
needles, and the wood of Quassia amara also contains a crystalline 
body. Neither of these has been much studied. The seeds of 
Tangkinia Madagascariensis yield to ether a crystalline sub- 
stance, which is highly poisonous. 

According to Bonastre, Massoy bark contains a camphor-Iikc 
substance, along with two volatile oils. 

Hiinefeldt has shown that the root of Primula auricula con- 
tains a volatile crystalline body, which has an odour resembling 
that of peppermint; and that the root of Primula vcria yields 
another, which smells like fennel and g.irlic. He calls them Auri- 
cula camphor and Primrose camphor. 



Cantharidine U a volatile cryslalline body, contained in the 
iriBecta Lytta mficollis, L. gigas, and L. vittata. It is very soluble 
in ether, alcohol, and. essential oik, and is volatile. It is the 
Bouree of the bliKtering power of the insects. Rcgnault found it to 
be composed of CjuHjOj. 

CAOUTCHOUC. 

Tliis remarkable substance, which has some analogy witli tho 
resins, occurs in the form of bottles, which are made by allowing 
the juice of the trees which yield it to flow from incisions on shapes 
of unbumt clay, which are broken when the caoutchouc has at- 
tained a suiHeient thickness. 

Caoutchouc is obtained from several trees, both in Asia and 
America, and particularly from St'phonia elastica, Tabermtmontana 
elastica, and Lobelia caoutchouc. The former has been vari- 
ously named, and is known as Jalropha elastica, Hevea Guianensis, 
Siphonia cahuchu. The second named plant, Taberttiemanlana 
has also been named Urccnla elastica. Several species of i^iV««, 
and many other plants, contain it hkewise. 

The juice is sometimes imported in closely stopped vessels. It 
is yellowish and thick, like cream ; and has a sour smell, arising 
from the putrelactiou of the vegetable albumen it contains. This 
albumen is coagulated by heat, and thereby causes the separation 
of the suspended caoutchouc. According to Faraday, the juice 
contains, inlOO parts, 32 of caoutchouc, 2 of vegetable albumen, 
7 of a nitrogenised substance soluble in water, 3 of a substance 
insoluble in water, and 66 of water. 

Pure caoutchouc is transparent and colourless, the black colour 
of the commercial article being derived from the smoke in which it 
is dried. It is perfectly elastic, and, when suddenly stretched, 
gives out much heat and free electricity. It is a nonconductor of 
electricity. When it has once separated from the juice in the solid 
form, there is no method known of obtaining it again suspended as 
before. In hot water it swells and becomes soft, but is utterly 
insoluble both in water and alcohol. Pure ether dissolves it, and 
leaves it by evaporation in a perfectly elastic stale, and with a 
surface like that obtained by cutting it, when it has the property 
of adhering firmly to another similar surface if the two be strongly 
pressed together. This property enables us to form tubes from a 
plate of caoutchouc by folding it round a cylinder, cutting ofF the 



fluperfltiOQS edges with a, clean and sharp pair of scissors, and then 
pieEsing together the ftesli cut edges. Tubes thus made are per- 
fectly air and water tight. In rectified naphtha from wood or coal 
tar, caoutchouc is soluble ; and the water-proof cloth of Mackintosh 
is made with a viscid solution in a misture of oil of turpentine and 
coal naphtha, the solvent being removed by evaporation in cham- 
bers bcatetl by steam, and leaving the caoutchouc with all its pro- 
perties. Essentia! oils will also dissolve it alone; but from the 
presence in them of resin, which remains after evaporation of the 
oil, the caoutchouc docs not dry properly, but remains viscid. 

Heated to 248° it melts, and continues long viscid and soft. In 
this state it may be used as a luting, where a high temperature is 
not employed. 

When more strongly heated, it is decomposed, and the greater 
part distils over in the form of a mixture of oily liquids. These 
differ extremely in volatility ; the most volatile portion boiling 
about 90°) the least volatile at 680°, and the greater portion at 
intermediate temperatures. According to Himly, all these oils have 
the empirical formula C^Hf, which is that of oil of turpentine, 
Gregory found a portion which boiled at 97° to have very nearly 
the composition of olefiant gas, CjHj ; and, when this oil was acted. 
on by sulphuric acid, it blackened, gave off sulphurous acid, and, 
on the addition of water, yielded an oil ivhich boiled at a tem- 
perature above 428°, but still having the same composition. 

By careful rectification Himly obtained an oil, the boiling 
point of which was constant at 339°, which he calls Cabutchine. 
It had the composition of oil of turpentine. Bouchardat, by 
applying intense cold to the receiver, obtained a liquid, Caoutchene, 
which boiled below 32°) and is probably identical with Faraday's 
quadricarbnretted hydrogen, C^H^, He also analysed another oil, 
Heve^ne, boiling at 599°, which had the same composition. From 
the experiments of Himly, Bouchardat, and Gregory, therefore, it 
appears that caoutchouc by distillation yields many oily liquids, 
; of which have the composition of olefiant gas, and others 
that of oil of turpentine. The most volatile liquid above men- 
tioned had the very low sp. g. of 0-664. Himly's caoutchine had 
the sp. g. 0-842. 

The purest caoutchouc that Faraday could obtain from the juice 
was found by him to contain 87-2 p. c. of carbon, and 12-8 p. c 
hydrogen. 






Tliis class of compounds occurs almost exclusively among vege- 
tables. They either flow from them dissolved in essential oils, 
formiug balsams, or are found deposited in the wood. What are 
called fossil resins are doubtless derived from extinct vegetation. 

There is a close connection between resins and the oils in which 
they occur dissolved. All resins contain osygen, and most essen- 
tial oils become resinous by the absorption of oxygen from the air. 
It is not, however, probable, that resins are merely the oxides 
of essential oils. From the fact that iodine, a substance which has 
a very feeble attraction for hydrogen, acts strongly on essential 
oils, depriving them of a part of their hydrogen, it is obvious that 
that portion of hydrogen is in a dilferent state of combination from 
the remainder ; and it is most probable that the oxygen of the air 
removes this loosely combined hydrogen, forming water, while 
oxygen also replaces the hydrogen which has been removed. The 
water thus formed may either remain in combination with the new 
oxidised compound, or be separated. 

Hence, when an essential oil is converted into resin by e.ipo- 
sure to the air, the composition of the resin must be equal to that 
of the oil, minus a certain quantity of hydrogen, and plus a certain 
quantity of oxygen. 

This appears to be the relation between common resin and oil 
of turpentine, and between the resin and oil of copaiva. Both of 
the oils are C^H, or Ci„Hs ; and the resins are C,„H,0, or, if we 
adopt the atomic weights as found by Rose, C^pH2g04. Here 
C40H3J have lost 4 cq, hydrogen, and gained 4 eq. oxygen. But 
the best analyses of these resins agree even better with the formula 
C^jHjoO,. If this last be the correct formula, C^Hg^ have lost 2 
eq. of hydrogen, replaced by 2 eq. oxygen, yielding the oxide 
CjijHjgOj ; and this oxide has then combined with 2 eq. oxygen, 
giving the rational formula C^^HjuOj + Oj, 

If from this we reason backwards to the constitution of oil of 
turpentine, it will appear that that oil is C^^Hjo + Hj or CjoHu 
+ H, in which formulte part of the hydrogen belongs to the radi- 
cal, and the remainder is removable and replaceable by other ele- 
ments, such as oxygen, iodine, or chlorine. This would also ac- 
count for the tendency of oil of turpentine, as the hyduret of a 
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compound radical, to unite witli hydrochloric acid, the hyduret of 
a simple radical ; just as ammonia, the hyduret of amide, or defi- 
ant gaa, the hyduret of acetule, unite with the same acid. 

From the balsams, which, as already mentioned, are mixtures of 
resins with essential oils, the former are obtained pure by distilla- 
tion with water, as long as any oil passes over. 

There are distiinguished hard and soft resins. The hard resins 
are brittle, colourless when pure, although often tinged yellow or 
brown by foreign matters. They are heavier than water, and non- 
conductors of electricity. When warmed, they have a, slight odour, 
probably arising from traces of oil. Those which are insoluble in 
water are tasteless ; many, which arc sparingly soluble, have a bit- 
ter taste. They soften in boiling water, but generally require a 
higlier temperature to melt thera. They are decomposed by a. 
strong heat, yielding combustible gases and volatile combustible 
liquids, with a residue of porous charcoal. They arc easily in- 
flammable, and bum with a smoky flame. When acted on by ni- 
tric acid, the rcsina yield oxalic acid, and a seriea of products not 
yet examined. 

The resins occurring in nature are generally mixtures of several, 
differing in their characters. Some are exceedingly soluble in cold 
alcohol ; while others are dissolved with difficulty, even by boiling 
alcohol. Several resins may be obtained in crystals from their 
alcoholic solutions ; and the addition of water to all such solutions 
precipitates the resin, giving the mixture a milky aspect. 

Many resina are soluble, others insoluble, in ether. They dis- 
solve in fixed and essential oils, and also in sulphnret of carbon. 
The action of alkalies distinguishes one class of resins from an- 
other, A certain number, when dissolved, redden litmus, combine 
with bases, and possess all the characters of acids. Others are 
neutral, and do not combine with bases. 

The most decidedly acid resins decompose the carbonated alka- 
ies with the aid of heat, and readily dissolve in caustic alkalies. 
Their solution in alcohol is not precipitated by ammonia, and the 
precipitate caused by water is entirely soluble in ammonia. The 
alcoholic solution of the neutral resins is precipitated by ammonia. 
The acid resins when dissolved in ammonia cause a crystalline 
precipitate in nitrate of silver, which is insoluble in excess of am- 
monia. The neutral resina cause no auch precipitate. 

The compounds of the acid resins with alkalies are called resin- 
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ouH soaps; but they cannot, like true aoopB, be separated from tlicir 
solutions by common salt, and when concentrated they do not form 
mucilaginona or gelatinous solutions, as soaps do. These solu- 
tions, however, frotli when agitated, like a solution of soap. Some of 
these resinous soaps are insoluble in caustic potash, others soluble. 

Common Resin, or Rosin, is obtained from the turpentine or 
balsam of Pinus sylvestris, pinaster, abies, and picea, by distilla- 
tion with water till all the oil is removed. It is also named Colo- 
phon or Colophonimn. It is nearly white when pure, (Resina 
alba,) but is commonly yellow or brown. It is a mixture of 
three acid resins, Sylvic, Pinic, and Colopholic acids, 

Sylvic Acid ia extracted from the resin by weak alcohol, and 
purified by stronger alcohol. It crystallizes in minute prisms, 
nhich lose no weight when heated to SIS". With alkalies it 
forms salts which are soluble in ether and alcohol. 

formula, Cj^HijOj (Trommsdorff), or Cj(,H,(,Oj (Rose). 

Pinic Acid is left undissolved by alcohol of 12 p. e. It is pu- 
rified by combining it with oxide of copper, which is done by add- 
ing acetate of copper to its solution in strong alcohol. The pinate 
of copper is decomposed by hydrochloric acid, and the pinic acid 
repeatedly boiled with water. It does not crystallize, but in other 
respects is analogous to aylvic acid. Its formula is CjoHuOj 
(Liebig). 

Colop/tolic Acid is produced by distilling pinic acid, and has a 
brown colour, but the same composition, and a stronger affinity for 
bases. When colophon lias been strongly heated, part of the pinic 
acid is always converted into eolopholic acid, so that it is present 
in that substance in variable quantity. 

In the turpentine of Pinna tnarilima Laurent has discovered 
another acid, Pimaric acid, which is isomeric with the preceding 
acids, and which crystallizes from hot alcohol. By distillation in 
vacuo it yields another isomeric modification, Pyromaric acid ; 
and, by the action of nitric acid, a third acid, Azomaric acid, the 
formula of which is CjoFfi,NOg. When pimaric acid is distilled 
under the ordinary pressure, it yields a neutral substance, Pima- 
rone, which contains 1 at. of water less. 

Fremy, by distilling resin with lime obtained two oils, Re- 
sinone and Resineone ; the former of which is Ci„HeO, the latter 

When common resin is repeatedly heated with water to dryness, 
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it jrields what is caUed pitch, shoem&ker's roGin, or Burgundy 
pitch. A etill stronger heal produces the bkck pitch used for 
nsraj purposes. Wlien dtslillcd, resin jielda a lai^e quantity 
oTgas of good quality for illuminatioD. 

The Sesin of Copaiva Balaam, when purified from the c 
tial oil, is a crystal lizable acid resin, and has the same composition 
in 100 parts as Colophon or Camphor. According to Rose, its 
formula, deduced from its salts, is C^HjjO^. 

The Resin of Ehmi contains two, one of which is crystalliz- 
■blc, but both are neutral. Their composition is the same as that 
of the resins already described. The resin called Gum Anirae, 
from Hymtn^a Courbaril, likewise contains two rosins, which 
seem to ha?e acid properties. The resin of Euphorbium seems 
to be identical in composition and in most of its properties with 
that of Klemi. 

Gum Benzoin, the inspissated juice of Slyrax Benzoin, con- 
tains, besides benzoic acid and an essential oil, three resins, 
namely, resins alpha, beta, and gamma. The latter is acid, the 
two former neutral. According to Van der Vliet, their composi- 
tion is as follows : 

Resin Alpha = C,„H.,0,, 

Bet» = C.„H,aO, 

G.niiDii= C,„Hg„0, 

It is obTions that resin alpha contains the elements of the other 
two ; and in fact, if the original mixture be long enough boiled 
with carbonate of potash, the lesin alpha disappears, while gamma 
is dissolved, and beta left. 

Styracinf. — The balsams of Mecca and Peru, and storax, con- 
tain resin, essential oil, and, in the two latter, benzoic and cinnamic 
acids. The resins have been little eiamined ; but Simon has ex- 
tracted from storai a crystalline substance, which he calls Styra- 
cine. Jt is neutral, and has the properties of a resin. Its formula 
is Cj^HiiOj. Distilled with nitric acid, it yields hydrate of ben- 
zule, hydrocyanic acid, and other products. When distilled with 
hydrate of lime, it yields an oil, isomeric with benzine, but differ- 
ing from it in properties; and, when distilled with aqua potassEB, it 
yields another oil, Styrafone, while the alkali is found combined 
with cinnamic acid, and mixed with a resinous matter, (Simon.) 

Guaiacum, the resinous mass derived from Guaiacum officinale, 
contains a peculiar resin, distinguished by the property of striking 
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a blue colour witli many substances, sucli as mucilage of gum ara- 
ble, tlie roots of altlitea, of coelilearia, of potato?, of endive, of 
onions; also with nitrous acid, nitrons ether, and sweet spirit of 
nitre, as well as salts of iron and copper. The alcoholic tincture 
of gaaiaeum is the form in which this reaction is best observed. 
The guaiacum itself, by exposure to the air, becomes blue or green. 
It contains, besides more than one resin, not sufEcienlJy studied, a 
bitter acrid substance, Guaiacine, the nature of which is uncertain. 
Guaiacum is used in medicine in the form of tincture, and in 
piils ; and its compound with potash, called soap of guaiacum, is 
also employed. 

Lac is obtained from punctures made by an insect in several 
species of Fieus, and also from Zicyplius jujuba. It occurs iii 
three forms, stick, seed, and shell lac; the latter being the purest; 
It contains several resins, along with a peculiar colouring matter. 
It is an ingredient in the better Itinds of sealing wax, and is much 
used for varnishes. 

■Mastic, from Pistacia lenltscus, and Sandarac, from Juniperits 
communis, grown in tropical regions, are two fragrant resins, con- 
taining each two or three different resins, and are also much used 
in making vaniishes. 

Copal, said formerly to have been derived from Rhus copalla- 
num, seems by later accounts to be obtained from various species 
of Hymcniea, Trachylobium, and Vouapa. It has so much resem- 
blance to amber, that it might be supposed to have a fossil origin; 
and, at all events, it has probably been long exposed to the action 
of the air before it has been collected. It is, of all resins, that 
which makes the finest varnishes, but it is at the same time the 
most difficult to dissolve. It may be dissolved in absolute alcohol, 
by first acting on it with aqua animonise, which softens it into a 
gelatinous mass, and then adding the alcohol in small portions, 
with the aid of heat. It may likewise be dissolved in alcohol after 
being softened with ether. It is somewhat soluble in oil of rose- 
mary, less so in oil of turpentine. But the common copal varnish 
is made by melting it cautiously, and adding oil of turpentine, 
heated to a certain point. According to Unverdorben, copal con- 
tains not less than five different resins, with a trace of essential oil. 

The resin called Dammar, lately introduced, is derived from 
some unknown tree. It resembles copal, and makes excellent 
varnish. 




115S PRODUCTS OF THE DISTILLATION OF COMMON RESIN. 

Other resins, of whose dicmical chamctets little is liiiown, are 
Dragon's blood, from Dractna Draco, Takamaliaka, Ladanuin, 
the resin of Jalap, the root of Convolvolua Jalappa, that of 
Scammony, liom C. scammonium, that of castor, that of birch 
bark, &c. 

The followiDg plants likewise contain resinous substances ; Iris 
^orenliua, Pipernigrum,Capsicum aimuum,Ptmpinella saxifraga, 
Hrlleborus hyemali's, Arnica monlana, Anthemia pyrelhrum, ^c. 

RESINOUS VARNISHES. 

These varnishes are made by dissolving resins in strong alcohol, 
or oil of turpentine. The resins principally used for varnishes 
are mastic, sandaiach, shell lac, elemi, and copal. To dissolve 
the latter, it is melted, mixed while hot with a little drying oil, 
and to the mixture oil of turpentine, in quantity equal to tlie 
resin, is added by small portions. Spirit varnishes are more brit- 
tle, those with oil of turpentine more plastic, as the oil itself in 
drying yields a soft resin. 

PRODUCTS OF THE DISTILLATION OF COMMON RESIN, 

When resin is subjected to heat in close vessels, it yields a 
large quantity of gaseous carbo-hydrogcns, and several liiiuids, also 
composed of carbon and hydrogen. The subject lias been investi- 
gated by Fr6my, and by Pclleticr and Walter. 

Fr^my states, that, when distilled at the lowest possible tem- 
pemture, resin yields, besides water and other products, an oily 
liquid, RcsJneine, the formula of which is CjoHuO. 

When distilled at a higher temperature, there is obtained, ac- 
cording to Pellelicr and Walter, a liquid, Rctiuaphtha, the formula 
of which is C,Hj. Treated with chlorine, retiaaphtha yields a 
compound, C^HgClj ; and a similar compound may be formed 
with bromine. Along with retinaphtha there is formed another 
liquid, less volatile, Retinule, the formula of which is CgHa ; and 
in the more fixed and oily product of the distillation of resin there 
are found a liquid, Retinole, the formula of which is CaH^, and 
a solid compound, in appearance like a crystalline fat, which is 
called Metanaplthaline or Rctistmmc, and whi(.-h lias the compo- 
sition of iiaphthaiine. 
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THE ENGLISH LANGUAGE. By R. G. Latham, A.M., FeUow of 

King's College, Cambridge, Professor of the Elnglish Language and Literature, 
University College, London. 1 Tolume 8vo. 

ORGANIC CHEMISTRY IN ITS APPLICATIONS TO AGRI- 
CULTURE AN© PHYSIOLOGY. By Justus Libbig, M.D., Ph.D. : 
Professor of Chemistry in the University of Giessen. Edited from the Manu- 
script of the Author by Lyon Playf'air, Ph. D. Second and cheaper Edition^ 
fjoith very numerous (tddittonSf including a New Chapter on Manures, One 
Tolume, small 8vo. 

' It is not too much to say, that the publication of Professor Liebig's Organic Chemistry of 
Agriculture constitues an era of great importance in the History of Agricultural Science. 
lU acceptance as a startdard is unavoidable, for foUowing closely in the straight path of 
inductive Ph ilosophg, the conclusions wh ich are drawn from its data are incontrovertible.**— 
** To some, the style of this work may seem somewhat obscure ; but it will be found on a re- 
perusal, that great condensation, brevity, and terseness, have been mistaken for obscurity.** 
— ** We can truly say, that we have never risen from the perusal of a book with a more 
thorough conviction of the profound knowledge, extensive reading, and practical research 
of its author, and of the invincible power and importance of its reasonings and conclu- 
sions, than we have gained from the present \olume."—Sillimari's Journal, January 1841. 

*' Every page contains a mass of Information ; I would earnestly advise all practical men, and all 
interested in cultivation, to have recourse to the book itself. The subject is vastly 
important, and we cannot estimate how much may be added to the produce of our fields 
by proceeding on correct principles.**— £ou(^on'« Gardeners* Magazine for March 184L 

ELEMENTS OF BOTANY— Structural, Physiological, Systema- 
tical, and Medical. Being a Fourth Edition of the First Principles of Botany. 
By John Lindlbt, Ph. D., F.R.S., L.S., Professor of Botany in University 
College, London. Illustrated by many Hundred Figures on Wood. One 
▼ol. 8to, lOs, 6d, 

** The skfll of the wood-engraver has enabled the Author to fill his pages with Hlustrations, 
explanatory not only of the technical terms employed in Botany, but also of the natural 
orders of Plants. An analysis of the latter upon the plan of Lamarck ; an account of 
De CandoUe's celebrated system of arrangement, into which a large number of Woodcuts 
are introduced, and some new views, relating to natural classification, are added to the 
matter to be found in previous editions ; besides which, the whole of the Structural and 
Physiological part has been corrected with great care, and made to include all the most 
important views of modem physiologists, so as to present the reader with a view of the 
etate of Botanioal knowledge in these dejiartments, in the spring of 1841."— Preface. 

CHINA : its Symbols, Philosophy, Antiquities, Customs, Super- 
stitions, Laws, Goybrnmbnt, Education, and Literature. By Samuel 
KiDD, Professor of the Chinese Language and Literature in University College, 
London. One vol. 8vo, with a Portrait of the present Emperor, and other 
Illustrations. 12«. 

'* The very curious and varied information comprised in this volume, drawn chiefly from native 
sources, will at the present moment be more especially interesting, as throwuig light 
upon the character of the rulers and people with whom Great Britain is now engaged in 
mortal conflict"— Patrtof, Sept. 16th, 1841. , 



NEW PUBLICATIONS— CONTINUED. 



A DICTIONARY OF GREEK AND ROMAN ANTIQUITIES. 

By yarious Contributors. Publishing in Monthly Parts, forming, when com- 
plete, one volume 8vo. Illustrated by many hundred Engravings on Wood. 
Sections I. and II. (Parts I. to XX.) Price lOs. each, sewed. PartXXIV. is 
just published. 

** As a Dictionary, It is not only the best aid to the study of Classical Antiquity which we possess 

in our lancfuage, but will alao tend to develop and serve to guide that refined taste, which 

it is the great object of classical studies to produce. 
** Yaluable as this Dictionary must be to the students of ancient literature, it will be of scarcely 

less service to the students of ancient art ; for the illustrations have been selected with 

care and Judgment.**— ^<A«n<eum, Jan. 30, 1841. 

A GRAMMAR OF THE GERMAN LANGUAGE. By William 

WiTTiCH, Teacher of German in University College, and Author of German for 
Beginners. 12mo. {Nearly ready.) " 

ELEMENTS OF CHEMISTRY ; including the Actual State and 
Prvvalent Doctrines of the Science. By the late Edward Turner, M.D. 
Seventh Edition. Edited by Justus Liebio, M.D., Ph. D., F.R.S. L. and E., 
Professor of Chemistry in the University of Giessen, and William Gregory, 
M.D., P.R.S.E., Professor of Chemistry, King's College, Aberdeen. One thick 
volume 8vo, including the Oily Acids, Price 2bs. 

'* To the student in chemistry it is decidedly the best adapted of any manual in the English 
language. It is indeed a condensed epitome of the science. This is one of the greatest 
recommendations to those who wish to possess a work giving, in detail and consecutive 
connexion, the facts and doctrines of the science. Such is the work before us."-- >27te 
Chemiit, Jan. 1841. 

The OiLT Acids, being the First Supplement to the Seventh Edition of Dr. 
Turner's Chemistry, is just published, price it. The Second Supplement, 
completing the Work, is expected shortly. 

Part III., No. III., of the Sixth Edition is just published, price is. Part III. 
No. IV. I completing the Work, will be ready shortly. 

THE STEAM-ENGINE, Explained and Illustrated ; with an Account 

of its Invention and Progressive Improvement (including a Life of Watt), and 
its Application to Navigation and Railways. By Diontsius Lardner, D.C.L. 
Seventh Edition, one vol. 8vo, illustrated with very numerous Engravings on 
Wood. 12s. cloth. 

NATURAL PHILOSOPHY FOR BEGINNERS. Being familiar 

Illustrations of the Laws of Motion and Mechanics, intended as a Text Book 
for Schools and Self-instruction, as a Companion to the Lecture Room, or for 
Model Schools. Illustrated with 143 Engravings on Wood. Fcap 8vo, 3s. 6d. 

** The treatise before us is a very good class-book for teaching the Elements of Mechanics so far 
as they are Independent of Mathematics. Now * to know a matter/ and * to know about 
a matter.' are two very different things ; the present treatise is well adapted to those 
who are ambitious of the former ; there are countless * Conversations,' * Recreations,* 
• Dialogues,' Ac, for those who will be satisfied with the ia,tteir."-^Athena!um, July 10, 
1841. 

A NUMISMATIC MANUAL ; or Guide to the Collection and Study 
of Greek, Roman, and English Coins. By John Yongb Akbrhan, F.S.A. 
Illustrated by Engravings of many hundred Types, by means of which even im- 
perfect and obliterated pieces may be easily deciphered. 1 volume 8vo, 21«. 

• We have long looked for a work on Numismatics which might give so much informstion as 
every well-educated man ought to i>ossess, be free^rom vulgar errors, and at the same 
time be within the reach of the general reader. Just such a work has Mr. Akerman 
given UB."— Church cf England Quarterly Review, Oct. 1840. 
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SACRED LYRICS; or, Extracts from the Prophetical and other 

Scriptures of the Old Testament, adapted to Latin Versification in the 
principal metres of Horace. By the Rev. F. Hodgson, B.D., Provost of 
Eton. l2mo. 

EVENING READINGS FOR DAY SCHOLARS. By Mrs. Hip- 

fislet Tuckfibld. 

I. Scripture Readings. l*2mo, sewed, It. 6d, 
Ditto, in sheets for mounting, 2s. 
Ditto, as Little Horn Books. In a Box, 7s. Gd. 
II. Proverbs, Maxims, and Anecdotes. 12mo, sewed. Is. 6d. 
Ditto, in sheets for mounting, 2s. 
Ditto, as Little Horn Books. In a Box, 6s. 6d. 
III. Facts in Natural History, Natural Philosophy, &c. (Preparing.) 
In the Little Horn Books the matter contained in the Tract is broken up into Short 
Lessons, and each Lesson is pasted on thick brown paper. These are intended 
to serve as Night Tasks for Day Scholars, to be taken home in the evening, and 
brought again the next morning. The difficult words in each Lesson are care- 
folly defined. Each Box is sold separately. 

C^SAR FOR BEGINNERS. 12mo. 3*. 6d. cloth. 

NEW LATIN READING-BOOK ; consisting of Short Sentences and 

Easy Narrations, selected from Caesar's Commentaries on the Gallic War, 
arranged in a Systematic Progression, with a Dictionary. 12mo, Ss. 6d, 

** The plan of the following Latin Reading-book differs, in one important point, from other works 
of a similar kind. The Bent^ooes have been selected exclusively from Caesar's Commen- 
tary on the Oallio War, instead of being taken from different authors, as has usually 
been the case. There is an obvious advantage in this plan ; the same words are orai- 
tinually repeated by the same author in a simple narrative ; and the pupil thus becomes 
accustomed to his style, and finds the work of translation grow easier every day, which 
cannot be the case when the extracts are tak^i from many different authors, whose style 
must of course vary exceedingly.** — Pr^fiice. 

YOUNG'S LECTURES ON NATURAL PHILOSOPHY. A New 

Edition, with Copious References, Notes, and a Supplement, completing 
tiie different Subjects to their present state. By the Rev. P. K ell and, M.A., 
F. R. S. Lond. and Edinb., late Fellow of Queen's College, Cambridge, Professor 
of Mathematics, &c. in the University of Edinburgh, and Thomas Webster, 
M.A., of Trinity College, Cambridge, Secretary of the Institute of Civil Engi- 
neers. Under the Superintendence of the Society for the Diffusion of Useful 
Knowledge. 1 volume 8vo. (Preparing.) 

DUTCH AND GERMAN SCHOOLS. An Account of the Present 

State of Education in Holland, Belgium, and the German States, with a view to 
the Practical Steps which should be taken for improving and extending the means 
of Popular Instruction in Great Britain and Ireland. By W, E. Hickson. 
8vo, 2s. 6d. 

LIFE OF SOCRATES. By Dr. G. Wiggers. Translated from the 
German, with Notes. 12mo, Ss. 6d. 

THE NUMISMATIC CHRONICLE. Conducted by J. Y. Akerman, 

Esq., F.S.A. Nos. I. to XIII., at 3s. 6d. each. (Continued Quarterly.) 



ANXIENT LANGUAGES— LATIN, GREEK, AND HEBREW. 



LATIN, GREEK, AND HEBREW. 



1 



TACITUS— TUE GERMANIA, AGRICOLA, AND FIRST BOOK 
OF THE ANNALS ; with Notes from Buperti, Pnsaow, and Walch, and BSt- 
ticber'a Remarks on the Style of Tacitus. 12mo, 5s. 

LATIN EXERCISES FOR BEGIXNERS. By William Smith, of 
Uiiiiereil; College School. Secood Edition, corrected and much enlarged. 



A NEW" LATIN DELECTUS ; 

Latin into English, and English int 

■ion. B J Alex ANDES Allen. 1 

■■ It It an uialylioal and ftynthfUcaJ pnile 

b^ tbe wAj cQDHldFrable knowledge c 

wtlh tbe Latin aulbora."— Prtrtire. 



MYTHOLOGY FOR VERSIFICATION; or, a 

Fables oF the Ancients, prepared to be rendered int 

Rsterend Fkancib HoDasON, M. A., Provost of Eton. 

3i. bound. A KEY to ditto, It. 

•■ InUnding tbe little book to b« enUrd; clninmlBr;, the antbcr bi 

wltbout loo largely Hupenwdlng tbe use of tbe dictionary t 

here afforded, I twill be poMible, In many oaaeSt fur a boj Co p 



} for Translation from 
Arranged in n SjiGtemaCic Progres- 



Brief Sketch of tbo 

< Latin Verse. B; the 
Third Edition. I2dio, 



SACRED HISTORY. Conveyed in Sense for Latin Vcrsea, intended 

chiefly for (be Use of Schooli. By the Reverend Fhancis Hodgson, M.A., 
Provost of Eton. Third Edition. I2nio, 3i. 6d. bonnd. A KEY to ditto, 10». 5rf. 



I 



Tbe Bible aoBlestailj 
eiampleaof ' ' 
In Eoglista v< 



uctlon ta Eba knowledge of Bacred HlsUti 
.1 adaptBd to poetry ; and perhaps affur 
•a less unsuitably be lioltated In Latin th 



THE LONDON LATIN GRAMMAR; mcludingthe Eton Syntax 
and Prosody in English, accompimied nith Notes. Edited by a Graduate of tba 
UniveTEity of Oxford. Nintli Edition. 13mo, 2t. Gd. cloth. 

ECLOG^ CICERONIAN^ : Narrations, MaxiniB, Descriptions, Clia- 

racteri, PbiloBOphical Pieces and Letters, translated from the Works of Cicero. 
By ALUSANnsH, Allen. l2mo, 4i. cloth. 

AN ETYMOLOGICAL ANALYSIS OF LATIN VERBS. For the 

Use of Schools and Colleges. By Alexander Allen. Fcp. Bvo, 7s. 6d. 

tiDiT ; and Iba bigher closes of Latin students, who negleot the attentive itudjr of thla 



THE PRINCIPAL ROOTS of the LATIN LANGUAGE, simplified 

by a Display of tlieir Incorporation into the English Tongue : vrith copious 
Notes, forming Pari of Mr. Hall's Intelleelnal System, Fourth Edition. 
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THE FIRST SIX BOOKS OF VIRGIL'S iENEID. With an Inter- 
paged Translation, line for line, and numerous notes. Second Edition. 12mo, 
6«. 6d. cloth. 

" The design of the present work behig to assist those who may he reading the .£neid, a literal 
and useful translation is all that has been attempted. It is hoped that this design will 
be foimd to have been accomplished ; and that the work (from the peculiar plan adopted) 
will afford considerable help to those who may be studying this portion of Yirgil."— 
Pr^ace, 

CESAR'S HELVETIC WAR. In Latin and English, Interlinear, 

with the Original Text at the end. 12mo, 2«. cloth. 

THE CHEAM LATIN GRAMMAR, taken principally from Zumpt, 
for the Use of the Younger Classes. 12mo, 2s. 6d. bound. 

EXTRACTS FROM CiESAR'S GALLIC WAR ; connected by a Brief 

Narratiye in English. 12mo, 2s. 6d. bound. » 

PLATO— THE APOLOGY OF SOCRATES, THE CRITO, and 

Part of the PHiEDO ; with Notes in English from Stallbaum, and Schleier- 
macher's Introductions. 12 mo, is. 6d, 

A NEW GREEK DELECTUS, arranged in a Systematic Progression. 
By Dr. Raphael KAhner. Translated and Edited from the German by 
Alexander Allen. 12mo, is, cloth. 

" This Itolectus oonrists of aaitenoes for translation, both from Oreek into English, and from 
English into Oreek, arranged in sections imder the several classes of inflections and forma- 
tions ; each section being preceded by an Alphabetical Yocabulary of the words employed 
in it which have not been met with before. It is an analytical and synthetical praxis 
on the forms of the Greek language, communicating by the way considerable knowledge 
of the syntax, and information on |>pints connected with the Greek writer&"— Pr</'ac«. 

CONSTRUCTIVE GREEK EXERCISES, for TEACHING GREEK 

from the BEGINNING by WRITING. By Alexander Allen. 12mo, is. 6d. 

** The pupil, on beginning Greek, needs no book besides this. lie has here Grammar, Voca- 
bulary, and Exercise Book."— Pr</ace. 

A GREEK TESTAMENT, from Griesbach's Text, with the variouB 
Readings of Mill and Scholz, Marginal References, and Chronological Arrange- 
ments. In one small volume, fcap. 8vo, 6s. cloth. 

HERODOTUS, from the best Edition by SchweigHuEuser. Edited by 
George Lono, Esq., A.M. Second Edition. Complete in one volume 12mo, 
6s. 6d. cloth. 

A SUMMARY OF HERODOTUS, with Tables of the Travels of 

Herodotus, of Commercial Products mentioned by him. Chronological Events, 
&c. By Geoboe Lono^ Esq., A.M. 12mo, is. ; 8vo, 5s. 6d. cloUi. 

AN INDEX TO HERODOTUS. By the Rev. Henry H. Davis. 

12mO; is. ; 8yo, 5s. 6d. cloth. 

INTRODUCTION TO THE ART OF COMPOSING GREEK 

IAMBICS, in imitation of the Greek Tragedians. By the Rev. Charles 
Tatler, B.A., Head Master of Southwell Grammar School. I2mo, 2s. 6d. 

THE PROMETHEUS and PERSiE OF JESCHYLUS. From the 

Text of Wellauer. Foolscap 8vo, each Is. 6d, sewed. 



LATIN AND GREEK— CONTINUED. 



THE FIRST SIX BOOKS OF HOMER'S ILIAD, with an Inter- 

paged Translation, Line for Line, and numerous Notes. 12mo, 6«. 6d. cloth. 

THE LONDON GREEK GRAMMAR ; designed to exhibit in small 

compass the Elements of the Greek Language. Edited by a Graduate of the 
University of Oxford. Fifth Edition. 12mo, 3«. 6d, cloth. 

*< In this third edition various alterations have been made, though the bulk of the book is not 
thereby increased. It has l^een the object in this edition to simplify still further the 
elements of Greek grammar, and, with this view, to lead the pupil to a consideration of 
the etymological principles laid down in. Mr. Long's * Observations on the Study of the 
Latin and Greek Languages.* This, however, has only been done so far as would har- 
monise with the general plan of the book, without making it differ materially from the 
preceding editiona"— Prc/ace to the Third Edition, 

THE ANABASIS OF XENOPHON. Edited by George Long, Esq., 

A.M., late Fellow of Trinity College, Cambridge. Second Edition, with a short 
Summary, and an Index of Proper Names. 12mo, 5«. 

ANABASIS OF CYRUS. Book I. Chapters 1 to 6. With a Literal 

and Interlinear Translation of the First Chapter, and a Lexicon to the whole, in 
which the words, divided into their several parts and derivatiyes, are collected 
under their respective roots. 12mo, 3«. 6</. 

*' This book has evidently been prepared with great care and judgment. It is rather a new 
thing to see 80 much accurate scholarship in a Lexicon for schoolboys. The words in 
the Lexicon are arranged under the roots, when the roots are ascertainable on sound 
principles ; the crude forms of the nouns and adjectives are given, and the inflexions of 
verbs which occur are rigidly analysed. It is to be hoped that works like the present 
will have the effect of introducing a more rational system of verbal analysis, than is 
prevalent in schools generally."— J?c/ec<tc Review* March, 1838. 

A GRAMMAR OF THE HEBREW LANGUAGE. By Hyman 

HuRwiTZ, Professor of Hebrew in University College^ London. Part 1. The 
Orthography, &c. — Part 2. The Etymology and Syntax. Third Edition, revised 
and enlarged. 8vo, 17«. cloth. Either Part may be had separately. Parti. 
5s. 6(/. Part II. 12«. 

** Mr. Hurwitz's Grammar is the best elementary work of its kind extant in the English Ian- 
guage."-^attrnaZ of Education, No. IX. 

THE BOOK OF GENESIS IN ENGLISH-HEBREW ; accompanied 

by an Interlinear Translation, substantially the. same as the Authorised English 
Version, Philological Notes, and a Grammatical Introduction. By the late 
William Greenfield, M.R.A.S. Third Edition. 8vo, price 8«. ; orvrith the 
Original Text in Hebrew Characters, 10«. 6(f. In this book the English Cha- 
racter is employed for the Original Text, on such a principle as renders the 
Hebrew Scriptures accessible to the jnere English reader, establishes the Pronun- 
ciation, and enables the professed Scholar to study the language with as much 
precision as if it were exhibited in its native dress. 

" I take this opportunity of acknowledging my obligations to an Elementary work, which 
should be in the hands of all self-taught students—* The Book of Genesis in English- 
Hebrew, by William Greenfield.' The great obstacle to the solitary b^^nner is the reading 
and pronunciation. In learning a strange written language, nature teaches us to employ 
three instruments— the eye, the ear, and the mouth ; the eye for the appearance of the 
word, the ear for its sound, and the mouth for the mechanical formation of the syllables. 
Each of these operations contributes to support the memory. If either of than is absent, 
one channel of memory is closed. In my first attempts at Hebrew, the ear and the tongue 
were idle, because I had no test of pronunciation. I was guided by the look of the word 
alone ; and it frequently happened that I consulted the Lexicon for the same word of 
which I had ascertained the meaning in the preceding verse. Could I have prcmounced 
the word, I should have been certain as to its identity. Mr. Greenfield has invented a 
simple method of approximation in English letters to the received method of pronouncing 
the original." 

Prom «• Suggestions respecting the Neglect of the Hebrew Language as a Qualification for Holy 
Orders. By Richard William Jblf, B.D., Canon of Christchuroh, late Fellow and 
Tutor of Oriel College." 
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INTERLINEAR TRANSLATIONS, 

FOR SCHOOLS, PRIVATE STUDENTS, AND PERSONS WISHING TO RECOVER 

THEIR KNOWLEDGE OF LATIN AND GREEK. 



LOCKE'S SYSTEM OF CLASSICAL INSTRUCTION, restoring 

the Method of Teaching formerly practised in all Public Schools. — ^The Series 
consists of the following Interlinear Translations ; with the original Text, in 
which the quantity of the doubtful Vowels is denoted ; critical and explanatory 
Notes, &c &c. 

** We do amitt to spend seven or eight pears in scraping together so much miserable Latin and 
Greek, as map be learned otherunse, easilp and deligMfullpt in one pear."—MjhTos. 

%* By means of these Works, that excellent System of Tuition is effectually 
restored which was established by Dean Colet, Erasmus, and Lily, at the founda- 
tion of St. Paul's School, and was then enjoined by Authority of the State, to 
be adopted in all other Public Seminaries of Learning throughout the kingdom. 
Each volume, 2«. 6d, 



Latin, 

1. PHiBDRUS*s Fables of JSsop. 

2. OviD*8 Metamorphoses. Book I. 

3. Virgil's ^neid. Book I. 

4. Parsing Lessons to Virgil. 

5. Cjssar's Invasion of Britain. 

6. Tacitus's Life of Aoricola. Part I. 

Italian, 

Stories from Italian Writers, Al- 
fieri, Baretti, Castiglione, &c. 



Greek, 

1. Lucian's Dialogues. Selections. 

2. The Odes of Anacreon. 

3. Homer's Iliad. Book I. 

4. Parsing Lessons to Homer. 

5. Xenophon's Memorabilia. Book I. 

6. Herodotus's Histories. Selections. 

French, 
Sismondi ; THE Battles of Crebst 

AND POICTIERS. 



German. 
Stories from German Writers. 

The Connexion of the several Parts, as well as the general Principle and Authority of 

the whole Series, is exhibited at large in 

An Essay, explanatory of the System. 12mo, . . 2s, 6d. 

Also, to accompany the Latin and Greek Series^ 

The London Latin Grammar. 12mo, . . . , 2s, 6d, 
The London Greek Grammar. 12mo, . . . . 3«. 6d, 



MODERN LANGUAGES. 



THE ETYMOLOGY AND SYNTAX OF THE ENGLISH LAN- 

GUA6E EXPLAINED. By Alexander Crombie, LL.D. Fourth Edition. 
8vo, Ts. 6d. boards. 

GERMAN FOR BEGINNERS, or Progressive Exercises in the German 
Language. By W. Wittich, Teacher of German in University College, London. 
12mo, Second EcUtion, much enlarged, bs, cloth. 



MODERN LANGUAGES-CONTINUED. 



LE TRADUCTEUE, or lirSTOaiCAL, DRAMATIC, AND MIS- 
CELLANEOUS SELECTIONS, from the beat French Writers, on a plan 
culcnlaled to reader Keiding and Tranalation peculurljr aeriiceable in Hcquiring 
the Speaking aail Writing of the French Liiiguage ; accompgnied bf Eiplanstor; 
Notes, ■ Selection 61 Idiooia. and concise Tabid of the Farts of Speech, und of 
Verba, By P. F. Miblkt, Professor of French in University College, London. 
New blditioa. 12ino, 5i. 6rl. 
" The muthar baa IwfiD careful Co aelHt aiub plsoss odIj ns ore tuatmo^Te and entntainlng, 
andniaylieplMJcd.wllhiiul roaerve. 1c Iho brndaof j"utli of both aoiea.— Id embrace every 
[KWalblr VBiial)' in wari. phraae. or sentenca, and lo aflVird a ready MemplMoallon of 
tho mlaa of ^nunmar, bj approprlato remarka, and numerous nolea on tboaepeculEarltla 
Kblcb form tbe moel difficali parta of Clie French langn^ge." — Genttfman't Magaxiiu, 

PETIT TABLEAU LITTERAIRE DE LA FRANCE. Containing 

■n Easay on French Literature, with SpEcimena of the best Authors, from the 
Earliest period to the preaent time. Comprising the higher departments of 
Lileratore, and formrng a Seqnel to ■• Le TRADUCiJinn." By P. F. Merlet, 
ProfeuoT of French in Univentty College, London. ISmo, 6i. 
" The adeotloni have bom Diada with good In^leand sound Juds™™'' There are cjplenalory 
DDtonty thodKEcultiM.bulthcbHiulleiof Prmch phrafleglisj.''— JUonlWji Rtviea. 

A FRENCH GRAMMAR; DIVIDED INTO THREE PARTS, 

THE PRONUNCIATION, THE ACCIDENCE, AND THE SYNT.^X. 

By P. F. Mbblbt. Profeasor of French in Uoiveraity College, London. Ne« 
EditkiD, In one vol. l2mo, 5i. 6d. 
•■ AlllherulMivoflnd ammgad In UiiiGranmiarwllb the utmost armplfcity and mniiioullj. 
imno oeoupjing mars [ban [«o llnea, and arranged in 
rendar ivfcrcnota vory cssj. At the aauia thno every n 

tlona are aiao admirably eloar. It is almost impOBafble to repreasnt sound to the eye ^ yet 
tbfl mlaa of pmnunclatlim laid down in tbia tnak ara bd ayatematie And preolae aa to 

KEY TO THE FRENCH GRAMMAR. 12mo, 3.*. U. 

A DICTIONARY OF DIFFICULTIES; or, APPENDIX TO THE 

FRENCH GRAMMAR. By P. F. Mkblet, Profeaaorof French in UniTCrsitj 
College, London. Second Kdition, IZmo, 4t. containing the following improve- 

I. Conaiderable Additions to every fotmer Part. 
3. Free Eierciaes gradually increasing in dillicutty. 

3. Mercantile Expressions, Phrases, and Letters. 

4. Elements ot French Composition, eiemplified by Notes, Lattera, and 
different subjects to ha amplified according to the progress ot the Pupil. 

GERMAN WRITING COPIES. Price 6rf. 

EXTRACTS FROM ITALIAN PROSE WRITERS. By Professor 
pANizzi, LL.D. One thick volume, post ISmo, lOs. 6d. boards. 



nieful lllUe lo 








■a In Ito Italian language, 1 
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AN ELEMENTARY ITALIAN GRAMMAR. By Professor Pakizzi, 
LL.D, Second Edition, corrected. 13aio, 3i, oloth. 
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MATHEMATICAL INSTRUCTION. 



BARLOWS TABLES OF SQUARES, CUBES, SQUARE ROOTS, 

CUBE ROOTS, and RECIPROCALS, up to 10,000. Stereotype edition, ex- 
amined and corrected. Under the Superintendence of the Society for the DiffU' 
eion of Useful Knowledge. Royal i2mo, price 8«. 

*' They will be found useful to the more scientific class of Engineers and Surveyors, for inune* 
diately obtaining results which are now usually got by logarithmic calculation, or tho 
sliding rule ; to actuaries (in the table of reciprocals) ; to schoolmasters, for obtaining 
examples of the ordinary rules of Arithmetic ; to all, in fact, who are calculators by 
choice or necessity, though of course to some more than to others."— Pr^/bce. 

TABLES OF LOGARITHMS, COMMON and TRIGONOMETRI- 
CAL, to FIVE PLACES. Under the Superintendence of the Society for the 
Diffusion of Useful Knowledge, Fcp. Svo^ 3#. sewed. 

FOUR FIGURE LOGARITHMS and ANTLLOGARITHMS, on a 
Card. Price 1«. 

THE ELEMENTS OF ARITHMETIC. By Augustus De Morgan, 

Professor of Mathematics in University College, London. Fourth Edition. 
Royal 12mo, 4«. cloth. 

FIRST NOTIONS OF LOGIC, preparatory to the Study of GEOME- 
TRY. By Professor Db Morgan. Royal 12mo, 1«. 6d, 

THE ELEMENTS OF ALGEBRA, Preliminary to the Differential 
Calculus, and fit for the Higher Classes of Schools in which the Principles of 
Arithmetic are taught. By Professor De Morgan. Second Edition. Royal 
12mo, 9«. cloth. 

ELEMENTS OF TRIGONOMETRY AND TRIGONOMETRICAL 

ANALYSIS, preliminary to the Diflferential Calculus ; fit for those who have 
studied the Principles of Arithmetic and Algebra, and Six Books of Euclid. 
By Professor Dk Morgan. Royal 12mo, 9^. cloth. 

THE CONNEXION OF NUMBER AND MAGNITUDE ; an At- 

tempt to explain the Fifth Book of Euclid. By Professor Dx Morgan. Royal 
12mOy 4«. cloth. 

%* This Work is included in the Elements of Trigonometry. 

PRINCIPLES OF GEOMETRY, familiarly illustrated, and applied to 

a variety of useful purposes. Designed for the Instruction of Young Persons. 
By the late Rev. Professor Ritchie, LL.D., F.R.S. Second Edition, revised 
and enlarged. 12mo, with 150 Woodcuts. 3^. 6^. cloth. 
" The practical applications which are added must render the study very delightful to the 

young, since the Exercises on the Principles will he found as amusing as the ordinary 

sports of childhood."— ^(A«n<sum, Sept. 28, 1833. 

PRINCIPLES OF THE DIFFERENTIAL AND INTEGRAL 

CALCULUS, familiarly illustrated, and applied to a variety of Useful Purposes. 
Designed for the lustruction of Young Persons. By the late Rev. Professor 
Ritchie, LL.D., F.R.S. With Woodcuts. 12mo, U, 6d, cloth. 
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THE ELEMENTS OF EUCLID, with a Commentary and Geometrical 
Exercises. By Diomtsius Lardnbr, D.CL. Seventh Edition. 8vo, Is. 
boards. 

PESTALOZZIAN SYSTEM.— books FOR THE USE OF CHEAM SCHOOL. 

LESSONS ON FORM ; OR, AN INTRODUCTION TO GEOME- 
TRY. By C. Reiner, Teacher of Mathematics in Cheam School. 12mO| with 
numerous Diagrams. 6«. cloth. 

LESSONS ON NUMBER. By C. Reiner. Second Edition. Con- 
sisting of 

The Master's Manual. J2mo, As. 6d. cloth. "1 c«m »« 4. 1 
The Scholar's Praxis. 12mo, 2s. cloth. / ^""^^ separately. 

" This work should be in the hands of every one who teaches the first rudim^its of arith- 
metic."— J(nirna{q/'£duca(um, No. 9. 



GENERAL EDUCATION. 



LETTERS TO A CLERGYMAN ON THE BEST MEANS OF 

EMPLOYING FUNDS FOR THE EDUCATION OF THE LOWER 
ORDERS. By Mrs. Hiffislbt Tuckfield. Fcp. Svo, 2«. 6d. 

•« We are unable to do more than direct attention to Mrs. Tuckfield's * Letters to a Clergyman/ 
although they contain, in a small compass, matter of the deepest bn]^Tt.*'^~Westminster 
Review, No. 67. 

EDUCATION FOR THE PEOPLE. By Mrs. Hippisley Tuckpield. 

Containing — I. Pastoral Teaching. II. Village Teaching. III. The Teacher's 
Text Book. lY. Instruction of the Deaf and Dumb. Fcp. 8vo, 5«. 

LINEAL DRAWING COPIES FOR THE EARLIEST INSTRUC- 

TION. Comprising 200 Subjects on 24 Sheets, mounted on 12 pieces of thick 
pasteboard. By the Author of ^* Dratvino for Young Children.'' In a 
Portfolio, 5s, 6d, 

*^* These copies consist of Oeometrical Figures and Forms of simple ohjects, with the Roman 
and Writing Alphabets in Capital and Small Letters. They are printed white on a 
black ground. They may also be used in teaching the Letters, in teaching Writing, 
and in giving Lessons on the Elements of Form and Geometry. 

DRAWING COPIES FOR ELEMENTARY INSTRUCTION. By 

the Author of ** Drawing for Young Children." 

Set I. 12 Subjects mounted on thick pasteboard. Price 3s. 6d, in a Portfolio. 
— II. Ditto Ditto Ditto. 

*i^* The copies are sufficiently large and bold to be drawn from by forty or fifty children at the 
same time. 

THE EDUCATION OF THE FEELINGS. Foolscap 8vo, 4a. cloth. 
A GRAMMAR OF ELOCUTION, in which the Five Accidents of 

Speech are Explained and Illustrated. By the Rev. S. Wood. Second Edition. 
12mo, 3s, 6d, 

MAPS. — Outline Maps. Mercator — Europe — British Isles. 

Three Maps, folio, stitched in cover. 1«. Single Maps, 4d, each. 

GEOGRAPHICAL PROJECTIONS. Mbbcator— Europe— British Isles. 
Three Maps, folio, stitched in cover, Is, Single Maps, 4d* each. 

TEACHING MAPS. England, Wales, and Part of Scotland. 
I.— Rivers, Mountains, &c., price 6d, . . 

II.— Towns, price 6d. 



PRINTED FOR TAYLOR AND WALTON, UPPER COWER STREET. 11 



EDUCATIONAL MODELS, &c. 
A PYROMETER FOR SHEWING THE EXPANSION OF 

METALS. Price 15«. 

ATTWOOD'S MACHINE FOR EXPLAINING THE LAWS OF 

FALLING BODIES ; with Apparatus attached for illustrating the Theory of 
the Pendulum. Price of Attwood's Machine with a *' Companion/' 2/. 2s. ; 
Additional Apparatus for the Pendulum, 1/. Is, 

A SET OF MECHANICAL POWERS; containing, The Lever- 
Wheel AND Axle — A Series or Pulleys — The Inclined Plane — 
Wedge — Screw ; — with Examples or the Parallelogram of Forces — 
Centre or Gravity — Friction — Collision of Elastic Bodies — Com- 
pound Lever. Price 5/. bs. in a Box. 

%* A Second Set, omitting the Parallelogram of Forces and Collision of Elastic 
Bodies. Price 2/. 12«. 6d. in a Box. A commoner Set, 1/. Gs, 3d, in a box. 

The following Work is intended to accompany the Mechanical Apparatus, 

NATURAL PHILOSOPHY FOR BEGINNERS; being FAMI- 
LIAR ILLUSTRATIONS of the LAWS of MOTION and MECHANICS : 
intended as a Text Book for Schools and Self-instruction, as a Companion for 
the Lecture Room, or for Model Schools. Foolscap 8vo. Illustrated with 143 
Engravings on Wood. Price 'is. (id. cloth. 

PHILOSOPHICAL DIAGRAMS, illustrating the various branches of 

Natural Philosophy. By Frederic I. Minasi, Lecturer on Natural Philoso- 

; phy, &c. Designed for the use of Lecturers, Philosophical Classes and Schools. 

Ist Series — Mechanics. In Monthly Numbers, each containing 3 Sheets of 

Diagrams, price 3f. each Number. — Number 1 is just published. 

GEOMETRICAL SOLIDS to ILLUSTRATE REINER'S LESSONS 

ON FORM, and OTHER WORKS ON GEOMETRY. The Set in a Box, 9*. 
AN INSTRUMENT FOR TEACHING GEOMETRY, convertible 

into a Theodolite, Spirit Level, Hadley's Sextant, and WoUaston's Goniometer. 
Price 2/. Us. 6d, 

DIAGRAMS IN WOOD, to illustrate Dr. Lardneu's Euclid. Solid 
Geometry, Book I. The Set of Nine in a Box. Price 76'. Gd. 

ARCHITECTURAL SOLIDS, with which many hundred Designs 
may be built Price Ss. the Box. 

DRIED SPECIMENS OF BRITISH PLANTS, arranged according 
to the Natural Orders. Containing from 60 to 65 Orders. In a Case. Large 
size, 10^. 66^. Small, 8«. 

DRAWING MODELS, consisting of Forms for constructing various 
Buildings, Gateways, Castles, Bridges, &c. The Buildings will be found suffi- 
ciently large to be drawn from by a numerous class at the same time. In a Box, 
with a small Treatise on Drawing and Perspective. Price 21. lOs. 

DRAWING MATERIALS. 

A Quarto Copybook of 24 leaves, common paper, 6d. 

Ditto ditto, paper of superior quality, U. 3rf. 

Pencils, with very thick lead, BB. 2s. per half-dozen. 

Ditto ditto F. at Is, 6d. per half-dozen. 

Drawing Chalk, 9d. per dozen, sticks in a Box. 
Port-crayons for holding the Chalk, 4d, each. 
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GENERAL EDUCATION— CONTINUED. 



THE SINGING-MASTER ; Third Edition, revised and corrected. 8vo, 
price 10«. 6d. doth lettered; containing — 

No. 1. First Lessons in Singing and the Notation of Music. Price 2«. 
No. 2. Rndiments of the Science of Harmony. Price Is, 6(2. 
No. 3. First Class Tune-Book. Price Is. 6d, 
No. 4. Second Class Tune-Book. Price 2s, 6dL 
No. 5. Hymn Tune-Book. Price 2s, 6d, 

*^i* Any Part may be purchased separately. 

The Vocal Exercises, Moral Songs, and Hymns, with the Music, may also 
be had, printed on Cards. Price Twopence each Card, or Twenty-five for 
Three Shillings^ as follows : — 



1 Introductory (Notation of Music). 

2 Vocal Exercises. 

3 Ditto. 

4 Ditto (Canons). 

5 Twinkle, Twinkle, Little Star. 

6 Welcome to School. 

7 Come and See how Happily. 

8 Perseverance ; or. Try Again. 

9 Improve the Passing Hours. 

10 Multiplication Table^First Part. 

11 The Pence Table ; and Procrastination. 

12 The Peace Maker. 

13 We all Love one another ; and We'll go 

to our Places. 

14 How the Wind is Blowing ; and Early to 

Bed and Early to Rise. 

15 Over the Water from England to France. 
] 6 The Nursery Jest ; and the Alphabet. 
17 
18 
19 
20 
21 
22 



Tit for Tat ; and Hot Cross Buns. 



Play-Hours. 

The Kind Heart. 

Come let U3 Sing ; and the Chatter-box. 

The Linnet. 

The Harmonious Blackbird. 

23 The Praise of Spring. 

24 The Slugsrard. 

25 Neatness and Cleanliness; and Workaway. 

26 Time for Rest ; and Good Night. 

27 Sunrise. 

28 Bells Ringing. 

29 The LoveofTruth ; and For Age and Want. 

30 In the Cottage. 

31 The Cricket Song. 

32 Absent Friends; and When we go out 

together. 

33 Ere around the Huge Oak ; and Harvest 

Home. 

34 March and lift up your Voices; and Idle- 

ness and Knavery. 

35 Lnliaby ; and The Hour is Come of Twi- 

light Grey. 

36 The Stormy Winds. 

37 Our Native Land. 

38 The Labourers' Song. 

39 Home, Home ; and Rejoice, Rejoice. 

40 If you get into Debt. 

41 Britons, Arise ; and the Golden Rule. 

42 Rule, Britannia. 



43 The National Anthem; and Now let 

Notes of Joy Ascending* 

44 Farewell. 

Hymn and Psalm Tunes, with Words 
suitable for Sunday Schools, 

45 Sicilian Mariners ; and Warwick. 

46 Devizes ; and Stonefield, or Doversdale. 

47 Evening Hymn; and Hanover. 

48 Stephens ; and the Grerman Hymn. 

49 Grove ; and Cranbrook. 

50 Falcon Street ; and Dcritend. 

51 Martinis Lane ; and Staughton. 

52 Hart's ; and Job. 

53 Melboum Port ; and Matthias. 

54 Rousseau's Dream ; and Irish. 

55 Sandgate ; and Contemplation. 

56 Haweis, or Mount Calvary ; and Auburn. 

57 Eaton; and Care^^'s. 

58 Adoration. 

59 Gabriel New; and Prospect. 

60 Lowell ; and Fairseat. 

61 Lonsdale ; and Calvary. 

62 Lydia ; and Sutton Colefield. 

63 Arabia ; and Old Hundredth. 

64 Peru ; and Condescension. 

65 Horsley ; and Compassion. 

66 Suffolk ; and Hephzibah. 

67 Bradley Church ; and Portugal New. 

68 Piety ; and Knaresborough. 

69 Wigan ; and The Passing Bell. 

70 Newport ; and Easter Hymn. 
7 1 2, Vesper; and Admiration. 

72 Jude's Doxology ; and Miles's Lane. 

73 Helmsley ; and Evans. 

74 Nativity ; and Monmouth. 

75 Westbury Leigh; and New Victory or 

Wimpole. 

76 Hallelujah^ Amen ; and Triumph. 

77 Refuge. 

78 Calcutta ; and Shirland. 

79 Portsmouth New ; and Joyful. 

80 Tucker's, or Leigh ; and Repose. 
81-82 Welcome; and a Man's a Man for a' 

that. 
83-84 When the Rosy Mom appearing ; and 

the Might with the Right. 
85 God Speed the Right. 
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PART SINGING, OR VOCAL HARMONY FOR CHORAL 

SOCIETIES AND HOME* CIRCLES. Printed in separate Part Copies ; 
four Parts to each Number ; enclosed in a Neat Case. Edited by the Author 
of the Singing Master. 



No. I. 
Price of the four Parts in a case 3«. 9^^. ; 
or each Part, if sold separately, Soprano, 9d. ; 
Alto, 9d, ; Tenor, 9d. ; Bass, with Piano-forte 
Score, Is. ; Case, 6d. 

No. n. 
Price of the four Parts in a case, 3f . 3d, ; 
or each Part, if sold separately. Soprano, 9d. ; 
Alto, 6d, ; Tenor, 6d, ; Bass, with Piano-forte 
Score, Is, ; Case, 6d, 



No. III. 
Price of the four Parts in a case, 3s, 3d, ; 
or each Part, if sold separately, the same as 
No. 2. 

No. IV. 
Price of the four Parts in a case, 3s. 3d, ; 
or each Part, if sold separately, the same as 
No. 2. 

No. V. 
Same price as No. 4. 



THE USE OF SINGING AS A PART OF THE MORAL DIS- 
CIPLINE OF SCHOOLS. A Lecture by W. E. Hickson. 8vo, price lid- 

MIS CELLANEO US- 
NIEBUHR'S HISTORY OF ROME. Translated by the Bishop of 

St. David's and Archdeacon Hark. Vol. I. Third Edition, revised. 8vo, with 

a Map, I6s. Vol. II. Third Edition, 8vo, 16*. 
**Here we close our remarks upon this memorable work ; a work which, of all that have ap- 
peared in our age, is the best fitted to excite men of learning to intellectual activity ; 
from which the most accomplished scholar may gather fresh stores of knowledge ; to which 
the most experienced politician may resort for theoretical and practical instruction ; and 
which no person can read as it ought to be read, without feeling the better and more 
generous sentiments of his common human nature enlivened and strengthened." — Edin- 
hurgh Review^ Jan. 1833. 

\* Volume 3, translated by William Shith, Ph.D., and Leonhard Schmitz, 
M.A.y is preparing. 

ON THE ORIGIN OF UNIVERSITIES AND ACADEMICAL 

DEGREES. By Henry Malden, M.A., late Fellow of Trinity College, 
Cambridge, Professor of Greek in University College, London. Foolscap Sto, 
3s. 6d. cloth. 
** Although calculated for a temporary purpose, this volume, small and unpretending as it is, 
will probably find a permanent place in libraries, as containing in a narrow compass 
much historical matter not very generally known, even within the walls of the Universi- 
ties themselves.**— ^fA«n<vum, July 18, 1835. 

SCHLEIERMACHER'S CRITICAL ESSAY ON THE GOSPEL 

OP ST. LUKE ; with an Introduction, by the Translator. 8vo, '13s. 

MUHLENFELS' INTRODUCTION TO GERMAN LITERATURE. 

8vo, 7s, 

ADDISON'S ESSAYS ON TASTE, and the PLEASURES OF THE 

IMAGINATION. Reprinted from The Spectator. 8vo, 2s, 6rf. 

GARY'S DANTE.— THE VISION ; OR, HELL, PURGATORY, 

AND PARADISE, OF DANTE ALIGHIERI. Translated by the Rev. H. F. 
Gary, A.M. Third Edition. In 3 vols, foolscap 8vo, 18«. cloth. 
*« Mr. Gary's translation ; the best we ever read of any work."— Quarterly Review^ July 1823. 

HINTS TO MECHANICS ON SELF-EDUCATION & MUTUAL 

INSTRUCTION. By Timothy Claxton. Fcp. Bvo, 4*. cloth. 

<* the ft-TTiiiaing book before us, which has all the ease and simplicity of De Foe, and the 

exemplary utility of Franklin. To the mechanic it oflPbrs at once an example and a 
pleasant companion in the pursuit of knowledge, and to the general reader it affords a deep 
insight into those labouring classes which are the sinews of the nation."— Ctv<{ Engineer 
and Architect's Journal, Feb. 1839. 
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THE POETICAL WORKS OF JOHN KEATS. Fcap. 8vo, with a 

Portrait firom a Drawing by Hilton. 5«. 

GUESSES AT TRUTH. By Two Brothers. Second Edition, with 
large Additions. First Series. Fcap. 8yo, 7«. 

THE LITERARY DIARY ; or, Complete Common-place Book. With 
an Explanation, and an Alphabet of Two Letters on a Leaf. Post 4to, ruled 
throaghont, and half-boand, price I2s. 

A POCKET COMMON-PLACE BOOK. With Locke's Index. 

Post 8vo, half-bound, 8«. 6d, 

THE STUDENT'S JOURNAL. Arranged, Printed, and Ruled, for 
receiving an Account of every Day's Employment for the space of One Year. 
With an Index and Appendix. Post 8vo, half-bound, is. fid, 

THE PRIVATE DIARY, formed on the Plan of « The Student's 
Journal,'' for General Use. Post 8vo, half-bound, As, 6d, 

THE SCHOOL JOURNAL, arranged for receiving an Account of 
every Day'p Employment for One Year. Post Svo, roan, 3». 

CATECHISMS OF THE CURRENCY AND EXCHANGES. A 

New Edition, enlarged. To which is prefixed, The Case of the Industrious 
Classes briefly stated. By John Taylor, Author of " Junius Identified." 
Foolscap Svo, 4s, cloth. 

Catechism qf the Currency, 

" Whoever studies or merely reads this Catechism once wiU rise from its perusal with clearer 
notions on the subject of currency than when he sat down to it, whatever may have been 
his previous acquaintance with the matter ; whilst every one who finds himself to be in 
the dark on its various bearings, cannot but be so enlightened by the short inspection 
spoken of, that few in the community wiU equal him for knowledge on the subject, bo 
dear, comprehensive, and convincing are its questions and soiBwers"— Monthly Review^ 
March 1830. 

A VIEW OF THE MONEY SYSTEM OF ENGLAND, from the 
Conquest. With Proposals for establishing a secure and equable Credit Cur- 
rency. By James Taylor (of Bakewell). Svo, 6«. 
** The instruction to be obtained from the account which is here given of the various arts, 
subtleties, and frauds, to which monarchs, statesmen, and finaneiers, have had recourse, 
in order to meet the difficulties to which they were constantly exposed, renders the book 
of Mr. Taylor one of extraordinary interest and value.**— 3fancAe#<«r Courier, April 3, 1830. 

AN ESSAY ON MONEY, ITS ORIGIN AND USE. By John 

Taylor, Author of ** Junius Identified.'' Second Edition. Svo, Zs, Qd. sewed. 

" We are not ashamed to acknowledge that we are late converts to the importance of the cur- 
rency question ; but the evidence of successive years has demonstrated to us, that here 
lies the root of all the sufferings and all the dangers by which the nation is afflicted. In 
the pamphlet before us, we see all that experience has proved, demonstrated as inevitable, 
by a complete process of d, priori reasoning ; and we could scarcely conceive a greater 
benefit to the country than that the Essay should be thorouf^y read, considered, and 
understood by all public men."— £[tan<2ar(2, Jan. 8, 1831. , 

AN ESSAY ON THE STANDAED AND MEASUEE OF VALUE. 

By John Taylor. Svo, 2s, 6d, 

THE CABINET CYCLOPEDIA. Edited by Dr. Lardnek. Small 

Svo. Each Volume containing a Vignette Title, engraved by Finden. 6s. cloth. 

The Work comprises the following Divisions : — 
CABINET OF HISTORY. 66 Volumes. 
CABINET OF BIOGRAPHY. 31 Volumes. 
CABINET OP NATURAL PHILOSOPHY. 13 Volumes. 
CABINET OP NATURAL HISTORY. 15 Volumes. 
CABINET OF THE USEFUL ARTS. 7 Volumes. 

\* Any Volume map be purchased separately j price 6s, 

** One of the most valuable contribution! that has ever been made to the cause of general knowledge 
and national ednca.iion."-^8tandard. 
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ANATOMY, MEDICINE, AND SURGERY. 



THE ANATOMY OF THE ARTERIES, with its ApplicatioM to 

Pathology and Operative Surgery. In Lithographic Drawings, the size o? and 
Drawn from Nature, with Practical Commentaries. By Richard Quain, Pro- 
fessor of Anatomy in University College, and Surgeon to University College 
Hospital. 

%* Parts I. to VII., forming Vol. I. (if the Work be bound in 2 Volumes,) 
may now be had bound in cloth, with the Plates folded into half their full size, 
price 5/. 5f. 

Parts I. to X. (each containing Five Plates and Letter-press, price 128, each 
Part,) are published. 

The Work will be comprised in about Fourteen Monthly Parts, Imperial Folio, 
and an Octavo Volume of Letter-press. Each Part, with the Letter-press, 12«. 

'* In conclusion, we venture to predict, that the accoracy, the originality, the sterling practical 
usefulness, and, comparatively speaking, the moderate price of this beautiful work, will 
soon place it not only in every public medical library in the United Kingdom, but in 
that of every professional man, who feels deeply interested in the progress of anatomical 
science, or in the efiBciency and i>erfection of operative BJixgery,"— Medical Qaxette, 
Jan. 9, 1841. 

ELEMENTS OF OBSTETRIC MEDICINE, with the Description and 

Treatment of some of the principal Diseases of Children. By David D. Dayis^ 
M.D., M.R.S.L., Professor of Obstetric Medicine in University College, and 
one of the Physicians to University College Hospital. Second Edition. 1 vol. 
8vo, 1000 pages, illustrated by Engravings on Wood, 1/. 1«. cloth lettered. 

** Having, during a long series of years, accumulated a mass of important facts, Dr. Davis is 
entitled to the thanks of establiejied practitioners, and to the gratitude of all the Junior 
members of the Profession, for thus presenting to them, in an agreeable form, the results 
of an experience which it can be the lot of few, even eminent physicians, to enjoy.**— 
Lancet, Sept. 22, 1832.— Jfof^ce of the Fint Edition. 

ELEMENTS OF PHYSIOLOGY. By J. Muller, M.D., Professor 

of Anatomy and Physiology in the University of Berlin, &c. Translated from 
the German, with Notes, by William Balt, M.D., Graduate in Medicine of 
the University of Berlin. Illustrated with Steel Plates and numerous Wood 
Engravings. 

Vol. I. 8vo, Second Edition. 1/. 
II. 8vo, ir. is just published, 

" We do, however, recommend it very strongly, and we have no hesitation in saying that it will 
supersede all other works as a Text Book for Lectures, and one of reference for studenta 
It steers a middle course between the superficial brevity of many of our modem works, 
and the pleonastic and metaphysical Jargon of Burdach."— 3f«(2. Chir. Review, April 1838. 

A SERIES OF ANATOMICAL PLATES, in Lithography, with 

References and Physiological Comments. Edited by Jones Quain, M.D., and 
W. J. Erasmus Wilson, Lecturer on Anatomy and Physiology at the Middlesex 
Hospital. Royal Folio. 

The Work consists of the following Divisions ,• — 

THE MUSCLES. 51 Plates. 2/. 16«. plain ; 5/. 55. fuU coloured. 

THE VESSELS. 50 Plates. 2/. Us. plain; 3/. ISs. with the Vessels coloured. 

THE NERVES. 38 Plates. 21. 4». plain; 4/. 2«.full coloured. 

THE VISCERA — including the Organs of Digestion, Respiration, Se- 
cretion, and Excretion. 32 Plates. Price I/. ISs. plain; 3/. lOs. coloured. 

THE BONES AND LIGAMENTS, (in course of pubUcation, in Monthly Fasci- 
culi,) completing the Series. 

*^* Anp Volume may be purchased separately. 
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DEMONSTRATIONS OF ANATOMY; being a Guide to the Dissec- 
tion of tbc Hamin Body. Bj Ggobbb Vines Ellis, one of the Demoastrsturs 
of AnUamj ia University CnlUge. 1 vol. craKD 8vo, 7^0 pages, I9«. 



THE SURGICAL ANATOMY OF THE PRINCIPAL REGIONS 

OF THE HUMAN BODY. By Thomas Morton, Assistant Surgeon at 
Uniieraity College Hospitsl, and one of the Demonalralorg of Anstomy in the 
ume University. 1 toI, Royal Bvo, illuatrated by numerous Platei and 
Engr»Ting» on Wood. (Nesrlj ready). 

I. THE PERINEUM: uilh Four Lithographic Plates and Three Wood Engravings. 

Royal Svo, 6s. plain; and 7s. 6d. colonred. 

II. THE GROIN, THE FEMORAL AND POPLITEAL REGIONS. Eight 

Lilbogr^hic Plate* and Eleven Wood EngrsTings. Royal Bvo, 13j. coioored ; 

" Th* pmducUon It ■lIogBthiir on« wblch wo can conBclentioDBl; recoiiinend to ths wcrbing 
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III. INGUINAL HERNI-E, THE TESTIS, AND ITS COVERINGS. Five 
Flatea and Eleven Wood Engravings. Royal 8vo, 12i. coloured, Us. plain. 

IV. THE HEAD AND NECK, THE AXILLA. AND BEND OF THE ELBOW. 
{Nearly r«dy,) 

ELEMENTS OF ANATOSIY, for tbe Use of Students. By Jones 

QcAis, M.D. Fourth Edition, revised and enlarged. Illustrated with 140 
Engravings on Wood, and Four Steel Plates. ] thick vol. Svo, U. 'is. 

ACUTE HYDROCEPHALUS, or, Wateb in the Head, an Inflam- 

Toatory DUeaee. and Curable by the aamE means with other DiseaBca of Inflam- 
niadon. By DaTih D. Davis, M.D.. Profeesor of Obstetric Medicine in 
University College, and one of the Physiciana to University College Hospital. 
8vo, price 9a. Crf. cloth. 

" Id cone] uilan, wc have niil)' furlher to state Dur cDnvlctlon that II Ii a treatise emlDently 

oalculjitfid lo ei:iJt tbe b^h roputatiim which alivady dlatlngulsha ita ftntbor.".— f din- 

FRACTURES OF THE EXTREMITIES, Exhibited in Twenty Plates ; 

ahooing the Causes of Displacement ; with an Explanation of the Appearances 
and Mode of Treatment By G. W. Hind, M.R.C.S., formerly House-Surgeon 
to the Middlesex Hospital, and late Curator of the Museum nf Anatomy ia Uni- 
versity College, l^ndon. Second Edition, with Woodcuts of the Appearances 
and mode of Bandaging. I vol. folio, price \l. 48. eloth. 

THE SURGEON'S PRACTICAL GUIDE IN DRESSING, and in 

the Methodic Application of Bandages. By Thquab Cutlrr, M.D., late Staff- 
SurgeOQ in the Belgian Army. Second Edition, enlarged, illustrated by nomeroQS 
Engravings on Wood. Foolscap livo, 6i. Gd. doth. 



STEAM NAVIGATION AND RAILWAYS, 

INCLUDING A MEMOIR OK WATT. 

UY DR. GARDNER. 

One Vulump Bvo. with 167 Engravings on Wood, 12i. clolh lelteced. 
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